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the Author will have enabled him to wndorstand, and in con- 
siderable degree to meet the desires of the class of readers for 
whom the work is intended. 

As stated in the/firet preface, “ the object has been to review 
the leading and essential facts, and to ao aystematize them as 

‘to form of them a catalogue raisonné, in which all information 
obtained elsewhere may be readily inserted, and be as readily 
available when required. Many mero facta found in all other 
books on electricity may here be omitted, or only slightly 
glanced at; but on the other hand, principles are dwelt upony 
and the instruments necessary for their study fully explained, 
80 that those who may have ‘some mechanical aptitude may 
construct them for themselves, the very best possible way of | 
understanding them.” 

Tt has been the sim of the Author to keep up with the great! 
and rapid progress of electrical applications, so that the work is 
very greatly enlarged and several additional branches of the 
subject taken up. The rapid advances made, and the fact the 
the work has been eighteen months in passing through the 
press, may account for some peoulii in the arrangement 
and treatment of some parta of the subject. 

Tn these daye of claims and counterclaims as to priority of ideas,” 
it may be as well to remark that the history of electric discovery 
and progress does not enter within the scope of this work, bat 
that, where occasion calls for reference to such subjects, it haa 
Deon the desire of the Author to give honour where honour it 
ine npon purely scientific considerations. 


117, Geer Laxe, Brounen, 
April, 1884, 
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“may be,” but rests on what is proved. Therefore, in science, 
matter means the elements and their compounds. 

3- Evemunrs.—Of these at present sixty-five are 
besides several recently discovered or sup] to have been 
isolated. They exist as gases, such as hydrogen and o; a 
ts liquids, like bromine and mercury; and as solids, as 
carbon and the long list of metals; but these physical states 
are not essential to their nature, they depend only on thoir 
existing relations to force, as heat and pressure ; and as we can, 
by altering the conditions of force, cause most of them to 
from one state to the others, so there is no reason to doubt that 
every gas can assume the solid form, and every solid become a 
gas, under sufficiently altered conditions of force. 

4, Atoms. —There is abundant evidence that these elements 
exist in the form of ultimate particles called atoms, S 
definite dimensions and weight. Though theso atoms are prac- 
tically infinitely small, and beyond our powers of measurement 
or even conception, yet their existence is not a mere hypothesis, 
but a logical deduction from well-proved facts. All the actions 
of matter prove their existence, and the whole framework of 
modern chemistry, and, indeed, of all the natural sciences, is 
Tused on the atom. 

There hare been many discussions as to the actual existence 
of atoms, which have been really battles about words. “Atom” 
Means, in fact, incapable of division, and it requires no elaborate 
mathematical analysis to show that any particle having dimen- 
sions and weight, however small, must bo theoretically capable 
of being divided : but we neod not oncumber ourselves with any 
hypothesis as to the atom being infinitely hard and so on, as 
subtle reasoners about things beyond our knowledge continual! 
do; all we need is to consider the atom as the ultimate parti 
of exch form of matter, and that if divided, it would no longer 
remain that form of matter. 

‘The atom has several relations to force : (1) to gravity, which 
depends on its mass simply, without reference to its nature; 
() to heat, which for each physical form of matter is the same 

all atoms ; (3) chemical affinity, which varies between every 
different class of atoms. 

“eerie the ordinary known matter there appears 
to be something pervading all space, though so ¢hin or attenuated 
as scarcely to. come within the common idea of matter as somp- 
thing tangible. That it exists astronomy affords us wctual 
evidence, but what it really is we have no weans of ascertaining, 
because it is impossible to lay hold of and analyze it; but the 
more we learn of the actions which take place in our own and 








te 


aceepted, do, in combination or substitution, a 3 2,3, 
atoms of hydrogen. This involves no theory, and weet 
uso the word valency it must bo understood ws xpi thi 

ae not as nocessitating the explanation of wl 

lolows. 

7. It is conceived that the atoms of which nae is built up 
are not in absolute contact, but are separated 1 te evar 
taining ether) in which they move ethd sae 
ea on ney are expensed Aticeo sank ions replacing in 

modern theory the atmospheres of forces or fluids which used to 
be believed in. ‘The atoms are held together by the Pe | 
ae force which we call affinity, exerted across these in 


oat any act of combination or decomposition, nothing less than 
one atom of any substance concerned can take part or undergo & 
change of its relation to other substances, but these relations ara 
governed by the number of attractions proper to itself. ‘Thins 
an atom of hydrogen (1) can only combine with one atom of 
chlorine (1) to constitute hhydrechlorio acid; two atoms of 
(1) unite with one of oxygen (2) to form water; 


hydrogen 
titres tne atoms of hydrogen with @. of nitrogen form ami 
ee eon (3) form moni, 


and four with one o: ) make marsh. 

four of the typical ete to g est cher 

referred, not morely for convenience, but so they are all 

bodies actually existing and playing important parts: in the 

chemistry of nature, and also because they are forma a 

would result from the several atomicities, if these reall: 

As to the actual shapes of the atoms we know ele 

to enable readers mors clearly to realize the theory ot bef 

them, I aempley diagrams in which the several atoms 

presented by circles cont g dots to mark their atomicitios, 
and surrounded by another 
circle to mark tho space which 
separates them from each other) 
and in which they move, but it 
must be understood that thes’ 
_ diagrams are only aids to th 


wore treated as almost onynous, but the rapid gro 
modern chemistry has required a more exact definition of ide 
though oven yet, as to compounds, the word molecule ix no 
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or chlorine ; if 1 is and 2 

, the molecule of free hy: acid ; 
and if we substitute sodium for the hyd in this, we have 
Na’ Cl' the molecule of common salt, and if wo now substitute 
iodine for the chlorine we have Na’ I’ iodide of sodium. Fig. 
A, in fact, shows # molecular frame, which we may fill up 
pleasure with univalent substances without destroying tho 
molecular constitution, and when submitted to the action of an 
electric current, the body, be it what it may, which oooupies 
the position of atom 1, will always appear at one pole, and 
atom 2 at the other pole, Thus, if we consider these res to 
re t the ordinary chemical formulm, 1 would be the basic 
Saiiial ne ion and 2 would bo the acid radical, and in electro- 
lysis the substance would arrange itself as 


plate ~ 


= pe {ethos G3 anode 
Cu 80, 


frites } pole + 


t 


Zine Daniell cell — Copper. 
———-+ 


The molecular equilibrium will not even be destroyed if we 
substitute a compound atom or radical for either or both of these 
atoms; thus, returning to the sodium iodide, the iodine may be 
replaced by oyanogen Oy’ (which being O* N’” has one attrac: 
tion unsatisfied) producing sodium cyanide Na’ Cy’, and then 

nally the sodium may be exchanged for the monatomic radical 
of alcohol, ethyl C,H, to form cyanide of ethyl. I have gone 
somewhat fully into this type, in order to give the 
principle applicable to all—viz. that any typical atom in any 
molecule may be replaced by another atom of similar valency, 
without alterin, a arran: aa of an molecule, and in 
doing its chomical properties will only bo gradually affectedy 
Scoarllug Yo the propartica of the substituted atoms, wi ‘ 
changing its relations to electrical force, 

ines B, in Fig. 4,is intended to show that the samo type 

includes bodies of highor valenoy, 
where only two atoms of equal 
valonoy, each satisfying the chard 


Fa 4. 
A 8 
are contained in the molecule; so 
(Gd) that this type includes the mole- 
culos of the elements, and of 


railicala in the freo form, though dal 
Fig. 4, is thut which is called the hydrochloric acid type. 
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Be It will be soen that there aro thus two classes of mole- 
cules, 

(1) Molecules which are also atoms, being indivisible without 
ohango, a4 water, and all salts and acids, Those molecules are 
held togethor high affinities, varying in each case, and 

ire considerable force for their decomposition. 

2) Molecules formed of two similar atoma or radicals, held 
ther by their unsatisfied attractive foci, but by a feeble 
‘ity; these are capable of division into two similar parts, 

and that by a small expenditure of force. This is the state in 
which exist, as free bodies, the elements and those compound 
radicals (such as cyanogen) which have many of the properties 
of elements, thongh known to be compounds, 

We may conceive the molecule as representing on the infi- 
nitely small scalo the solar system itself, which is built up of 
several systems or parts, each complete in itself, yet all linked 
to each other and forming a balanced whole: thus Mercury and 
Venus stand as single atoms, the earth, Jupiter, and Saturn, 
with their moons, resemble the compound atoms or radicals 
composed of several distinct atoms so united as to play the part 
of a single atom in the mighty molecule, which again forms but 
an infinitesimal part of the complete universe, held within it 
forces acting across infinite spaco, as our molecules are wnil 
into visible substances by the forces of cohesion, &c. 

it, Noration.—The various chemical facts and reactions are 
concisely expressed in symbols, which generally are the first 
letter of the name of the element in English or Latin : each such 
symbol stands for 1 atom of the element, multiplied when neces 
sary by a small figure following it a little below the line: all 
reactions are expressed by first writing in symbols the con 
struction of the substances set to act upon each other, divided 
by +, and then oh en produced, oe two should 
exactly re) ent the total atoms ong) q ero aro many 
Holes of Sacciniestiac tho same Heer different formulae 
acoording to the jal theory of constitution adopted, or the 
particular view of the matter intended to be described; and 
there are two distinct systems in use. 

(1) The Equivalent.—This system, used in all the old books, 
is based really on oxygen (which was called 100), and the 
weight of hydrogen which combined with oxygen being called 
1, the equivalents of othor substances were afterwards reckoned 
from this. Hence water is in this system called HO (1+8=9). 

(2) The Atomie.—This, which is called the “New Notation,” 
#8 generally adopted in all modern chemical books. Tt is based 

on the fact that water contains two measwres of hydrogen to one 
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of oxygen, and this being conceived to show the atomio rela- 
tions, water becomes H,0, and H being called 1 as to weight, it 
becomes to call O = 16, in ence most of 
the metals have their weights similarly doublod as compared 
with the equivalent notation, while the number of atoms of 
those which are unchanged (the univalont ¢lements) have to bo 
doubled. The following examplo of the action of sulphuric acid 
upon nitrate of soda exhibits the two systems : 


Equivalent, 
Acid. Salt. 


Na NO, + H, SO, = Na, 80, + 21 NO, = 268 
23 62 296 46 96 1 62 


‘This moans that tho nitrate of soda on being mixed with 
Cae acid is decomposed into sulphate of soda and nitric 


12. Foncr.—Until recently the words forco and energy were 
need indifforently in the sense of power; but they ar now 
clearly differentiated, and force expresses causes, while en 
expresses work, and capacity for work. But we must steadily 

in view the two uses of the word “force”; gravity, heat, 
, colkesion, electricity, &e., are called forces : but this ix 
a@ remnant of the old habits; gravitation is truly a natural 
force, 0 far as we know, and all forms of attraction may be so 
H ee the strict idea of “ ae i is that it is an 
‘expression which covers any agency which can erate a 
motion, or arrest or change io direction ; for ether caleu- 
lation it is, however, more strictly defined us the generator of 
“momentum “ which includes mass as well as velocity, and this 
definition enables us to express the “energy " involved in an; 
Action in terms of unit force adequate to the production of that 
ees, may regard force therefore as 

xc ited to mechanical energy, or motion of matter as such, 
which, like gravitation, is connected with the absolute weight 
of matter in motion; its common unit in England is the foot 
pound: that quantity of forco required to raise one pound 
ee one foot against the attraction of gravity. 

HL. Force related to the atom of matter. Heat does nor ack 
en matter hy weight or by bulk, but atom by atom, ‘Vis Se 
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covery has played a important part in chemistry of late, 
rai reeect as iowa atomic w The, and hydrogen, being 
the lightest, is taken as unity ; thus the atom of iron weighs ax 
much as 56 atoms of hydrogen, copper 63°5, silver 108, gold 
197. If these relative weights of the several substances (being 
solids) are exposed to heat, and all raised to the same tempera~ 
ture, and are then each transferred to an apparatus capable of 
measuring the heat they have absorbed, it wil found that, dif} 
ferent as are the quantities of matter in each case, they have all 
absorbed the same quantity of heat. Of course the experiment 
is #0 delicate and difficult that porfectly exact results cannot be 
obtained, and as different mechanical work is done in each cad 
by difference of expansion, certain corrections have to be made; 
but the deduction is absolutely certain, that heat acts upon 
matter in its several physical states, not according toits weight, 
but according to the number of atoms it contains. 

The relation of compound substances to heat is not so sim 
as that of elements, though still a distinct law is traceal 
throughont ; each molecular form has its own relation to heat, 
which is due to the number of atoms it contains, and their 
state of combination. 

III. Force related to the molecule of matter: such are the 
forces of electricity and magnetism which depend on the motion 
and polarity of the molecules, Heat also is related to the 
molecule in connection with internal work, such as expansion 
and resistance to pressure, and also as to the latent heat of 
fluidity : that is to say, there is a motion of the molecule as 
whole, as well as a motion of the atoms within the moleoule, 
Hence we learn that in the gaseous state, under the same condi- 
tions of force, all molecules, whether simple or complex, oceupy 
the same space, so that heat and pressure produce the same 
amount of expansion or contraction upon all, proving that the 
force is acting upon the molecule as a whole, not upon its come 

ent utoms; and it is the same with the latent heat of 

laidity, becauso the passage from the solid to the fluid or 
Gaseous states ix Riaihaat upon the increased distance of the 
molecules, which neutralizes the attraction they exert on each 
other by causing them to move through wider spaces, 

IV. Force related to matter in the form of ether. This 
includes light, and any forces known or not as yet generally 
pawa (for there are such), which are transmitted to us from 

sun. 

‘This classification appears very suggestive, as throwing light 
on many obscure eaetss Seas ani combined with Oe 
now recognized fact that all the forces aro capable of transfor- 
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mation into cach other; it enables us to conceive that if tho 
undulations of the ether produce the effect which we call light, 
thore same undulations, when transferred to the material atoms 
floating, as it were, in the ether, produce the effect we call heat; 
and thus we may apprehend the reason why heat and light are 
#0 constantly coexistent, and also see why it is that while the 
sun transmits us such a constant supply of heat as well as light, 
yet to all ay nce the space between the sun and us is 
actually dovoid of heat. In fact, we may consider that heat 
and light consist of the same motions, but heat is the motion of 
matter, and light the motion of other; or else that they are the 
faine in nature, but are perocived by different effects upon our 
sonnes. 

13. Exreoy.—The idea conveyed by this term is replacing 
many of the old fluids, and functions of the ether: it is difficult 
to define, because such a name conveys the idea of some actual 
existence, a8 do the words light, heat, electricity, kc. But these 
are now seen to be not things, but actions, and enorgy is there- 
fore a word which expresses the general agency of which these 
are but forms. Energy is really motion, or the capacity to pass 
into motion. Actual motion, whether mechanical or as tempera- 
ture or sensible heat, &c., is called kinetic, The capacity to pass 
into motion, as where energy is stored in a strained spring, or in 

ical decomposition or what used to be called “ latent heat,” 

ial. The doctrine of the “ conservati 4 
which has played so important a part in modern science, 

” is as indestructible and as impossible to be 
created as is “matter”: that as in the various actions which 
occur matter is neither created nor destroyed, but simply 

its combinations and forms, so it is also with onergy, 

which (derived from the sun) was stored up in effecting the 
ion of water and carbonic acid to form wood or coal, 
remains “potential” and reappears in combustion, “ kinetic” as 
heat, and passes by the aid of the steam engine into mecha- 
nical work ; all of these being forms of energy having moasure- 
able relations to cach other. This is in fact the counterpart 
‘of the doctrine of the co-relation of the forces. Energy, 
is the result and the measure of the action of force. 

this enlarged view of force and energy we find the under- 
truth which justified an old and apparently abandoned 

, for, in modern science, energy, or internal motion, is 


ree’, assuming the position of phlogiston in the old 
14. Bigernrry,—Tho various theories of the nature of elec- 
tricity ore explained in their proper places. Here ik wih 
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suffice to say, that electricity is not a thing, but only a word, 

ping together natural facts and ideas as to their canne, 
Hits a great error is generally committed, even by eminent 
acientific men, by confusing distinct things under this one 
name; we speak of torrents of electricity poured forth from the 
thunder cloud, and from the dynamo ates and in so doing 
wo commit an error: we aie as well class all the work done 
ickenen machinery, and the phenomena of the ocean, under 

name of “ water." Electricity comprises phenomena of two 
distinct orders, those of electric quantity, and of electric foree; 
it isthe first of these only to which the name electricity pro 
belongs, as compared to a thing, a fluid; as a matter of 
known fact electric quantity is very small in the lightning 
flash. The lightning is simply a case in which an enormous 
amount of energy is charged upon a small electric quantity. 
‘This “ quantity” is in fact related to the molecular constitution 
of matter; it is manifested in chemical actions, We may find & 
very perfect analogy in hydraulic works, where force is trans- 
mitt and work done through the agency of water in pipes, 
Electric “ quantity” may be compared to size of pipes or bulle 
of water transmitted, while electric “force” resembles the 
preasure put upon the water, as will be seen hereafter. 

15. We not uncommonly hear of the “ conversion of el 
into light, heat, or mechanical energy.” This is an absolt 
error, originating in the confusion of the two factors of elec 
tricity. Bctriity oy arded as a quantity calls for two distinet: 
expressions, Q, and Q* Tho first is strictly a quantity, and 
is that which the old theories considered to be material or 
analogous to matter, and represented to the mind by the @x- 
pression imponderable fluid, but which the new theory considers 
to be numerical, the action of definite material quantities or 
molecules. This, which is properly the “ electricity,” can no 
more be converted into heat or anything else, than can thé 
water in a steam boiler or hydraulic engine. The second, Q* 
is the electric cnerey, which is the true cause of electrical 

nomena, and which may be converted into heat and work, 

use it answers exactly to the mechanical onerey {also con- 
vortible) carried by the water as steam from a boiler, or under 
pressure in the hydraulic engine. 

16. According to the theory adopted in these pages, electricity 
is not material or a quasi-material fluid, nor is it a special fore; 
it is a form of motion; energy charged in a special manner 
upon orlinary matter, and developing special relations a! 

its molecules. Since the first edition of this work was ‘wublisheds 
; view has gained much ground, and many things whids Yen 
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wore regarded as heresies, are now genorally adopted as trae 


But while scientific men are fast coming to thin view of 
electricity, and it is very commonly employed, more particularly 
in connection with dynamic electricity or galvanism, still the 
new theory is rarely fully set forth and substituted for the old 
fluid theories, and fore it is very difficult for students to 
obtain that clear view of the subject which is desirable, especially 
as all the older terms of the science were devised in connection 
with tho old thoories, and are exceedingly ill-fitted to convey 
the new one without producing much confusion of ideas, 

This work in its original form was intended to meet this 

uirement, and the plan adopted has been to commence with 
a few leading facts and principles, then describe the various 
forms of instruments neceseary to examine the actions of the 
force, and by their aid trace out the general laws and funda- 
mental principles of the science, after which the applications of 
the foree of which the nature has been thus examined will 
become far more intelligible than by piling up isolated facts, or 
Ce erg processes, however practically valuablo. 

To do this in a perfectly methodical manner is always more 
difficult in natural science than in mathematical studios, 
because it is ae to understand the most clementary facts 
without a considermble acquaintance with the subject; and, on 
tho other hand, to lay a wide foundation in elementary facts 
before dealing with their theory would not fulfil the purpose of 
both leading the beginner in the beat course and showing the 
more advanced how to adopt the new interpretations and to free 
themselves from the mental confusion produced by the old 
theories, while at the same time furnishing the practical man 
with the interpretation of the processes he employs. 
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CHAPTER Il. 


STATIC OR FRICTIONAL ELECTRICITY. 


17. Tt is now generally admitted that mechanical motion ix 
conyertible into heat, and the effect of friction is a familiar 
illustration of this, For instance, if we turn a grindstone, it 
requires a certain force to start it, and then « certain amount to 
keep it in motion, to overcome the friction of its bearings and 
the air, and then so much moro as is needed to overcome the 
resistance of any object we press against it, this body being 
heated in proportion to that prowure. If we get the stone into 
rapid motion, and then cease to work at it, it will ran a certain 
time before stopping; but if wo hold against it a piece of steel, 
it will come to rest in much less time, because its motion is 
absorbed by tho friction, and if tho stone is dry, we see a 
shower of sparks fly off, visibly exhibiting the transformation 
of this motion into heat. 

But if we cover the edge of our grindstone with certain eub- 
stances, guttapercha for instance, and establish certain other 
conditions, we can obtain a very different result; instead of 
heat we have electricity developed. When we ask, whence 
oes this electricity come? the modern doctrines I am now 
setting forth teach us that it is like heat, the m i 
Motion converted into molecular m —that which of these 
foress we shall obtain depends entirely upon the conditions to 
which we expose the molecules, and further, that as soon as we 
allow the electricity to act, it either passes into heat, ax 

by the spark, or else does some work which represents the 


18. This development of electricity by friction was observed 
in early days, and wo derive the name itself from electron, the 
Greek name for amber; the substance by which the 
nomenon of attraction after friction was first manifested. In | 
later times it wax found that many substances possess this 
peopel and sach were called “electrics,” and those bodies 
which do not appoar to possess it, “non-clectrics.” The dis 

tinction is more apparent than real; for unter certain comic 
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gen, which in them does not replace a metal or form a sepa 
constituent) and whose molecular constitution is complex. 

In the former class electricity is dynamic, and the conduction 
circuit is set up: in the latter the static phenomena are de 
veloped, and the circuit is inductive. 

20, Srario Kuecreicrry is however a misnomer: it has 16 
peas all the pheacne eens to ec but 

ore is always a gradual loss, called which is, 
the current rn ets actual Sain all ‘tra 
every motion set up by so-called “ statio” electricity implics a 
transfer of energy, and action occurring in a field of force 
up in the form of strains in the particular “inductive cireuit 
in which the motions occur. 

21. We may now pass to experiments, from which alone 
knowledge is to be obtained. ‘This is the only royal road, for 
mere reading will never give a knowledge of science. Por this 
reason ll indicate such simple forms of instruments as any 
one can obtain or make for themselves, but which will, if care 
fully studied, go far to demonstrate pri pen The first things 

ed are a source of electricity, an indicator of its presence, 
and then the means of collecting it and examining ita actions, 

If we take a stick of sculing-wax, or a rod of glass, in one 
hand, and rub it with a piece of dry cloth or fur, we have the 

ental experiment from which electrical science grew, for 
we find that we have developed a force upon, or induced a oon= | 
dition in, the rod which enables it to attract and repel light 
substances, and the same effect may be produced by rubbing a 
vuleanite comb on the sleeve of a coat, 

If we examine tho conditions of this exporiment by the light 
of advanced knowledge, we find they consist in the prosinos oF 
(1) a dioloctric in contact with (2) the conducting body of thé 

another electric in similar contact; (4) mit. 
icti wo electrics ; and (5) 
pi Pe them when the ee bes ae = cont 
include every instrument devised for developing electricity 
friction, and they may be applied in the simplest form. ¥ 

22. Tux E.ecrrornonvs.—This is the simplest source of elec 
tricity next to the mere rod; it has many forms, but its 
ciples are the same as that of the rubbed rod. A common 
is shown in Fig. 6. @ isa circular tin dish into which is run by 
which may be AES or any resinous substance. A cha 
electric may be made with 8 parts of resin, 1 of shellac, and) 
1 of Venice turpentine or wax, well molted together and run! 
into the dish a; ¢ is a hook soldered to the tin dish, for com) 
nienco of attaching a chain asa conductor, Tho dish forms 
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Wood conducts electricity, on account of the moisture it 
contains ; for all electrical purposes it should light and 
thoroughly baked without scorching, put into melted par- 
affin while hot, and kept there as long as any keh eeet ¢ con- 
tinues; it should then be removed, and as it cools, be dipped 
several times, so that the Laas and pores of the wood become: 
thoroughly filled up; in this state wood is a good insulator, 
Paper can be red in a similar manner, 

block of fresh melted paraffin makes a very excellent 
paar stand, 

23. It is desirable here to remark that glass, though one of 
the non-conductors, has the property of condensing « film 
of moisture on its surface, and thus becoming a conductor. 
Therefore, those parts of electrical instruments which are made 
of glass, should, where possible, be covered with a varnish 
which has less attraction for moisture. This applics to the 
handle of the el horus cover, legs of insulating apparatus, 
and those parts of electrical machines which have not to be 
rubbed. © varnish should be moderately thin, so as to 
require several coats, rather than one of a thick varnish. A 
pod coment is 1 1b. of shellac, dissolved in 1 pint of polishers 

nish, with one-twenticth of its bulk of a solution of india- 
rubber in bisulphide of carbon, just thin enough to ran freely. 
‘This forms a tough, coherent surface, and adheres strongly if 

cu om warmed before applying it: it is also a good cement for 


ja balsam also makes a very good varnish for thit 
purpose, and probably a film of collodion floated over the glass, 
a8 in Photography, even preferable to a varnish. 

Also in all electrical experiments, it is desirable to slight 
warm the a) tus, and to work in a room the air of which 
dry and m tely warm. When tho air is moist, success is 
scarcely to be attained. Moist air ix, however, not a conductor, 
ws haw long been believed: it is the deposit of moisture on 
surfaces which is the source of loss, us the water acts a8 a con 
ductor. Ebonite also requires similar treatment, owing to thd 
formation of an acid upon it: melted paraffin is useful as & 
coating rubbed over ebonite. 

24. Exxcrnoscores are instruments for evidencing the prosénay 
of electricity, Fig. 7 is the simplest form, being a glass rod 
mounted on a stand, and bent at the top into a hook, from 
which hang, by silk thread or hair, one or two pith balla, 
Fig. 8 ix a more elaborate contrivance ; it is'a glass bottle; on 


opposite sides of the inner surface aro pare strips of tinfoil, | 


which are continued to the outside and toa brass ring fi 
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approached by a + charged eared leaves will incroaso in 
divergence ; on approaching a — they will collapse. 

These instruments only indicate the presence of 
to measure it electrometers are empl: as described §$ 61 

26. One of our standard electrical works says (and it is just 
what all say), Vitreous substances, such as glass, become él 
trical by being rubbed with certain other substances ; in this 
state they attract light bodies. Resinous substances, such as 
sealing-wax and guttapercha, become also eloctrical when 
rubl it cartels other substances; in thix state they also 
attract ight substances. Bodies which have been once attracted 
by oxcited glass or excited resin will not be attracted 
samme substanée again until they have touched some in 
communication with the earth, but will be repelled. A cee 
which, having been attracted by an excited eifreous substance 
and is then repellud by it, is attracted by an excited resinous sub- 
stance ; 60 also a body which is repelled by an ‘excited resinous 
substance is at by an excited vitreous substance.” 

These statements are received as absolute truth by eee 
and upon them the fluid theories of electricity are based ; 


it there is scarcely a truth in them which is not overweighted 
y an error, and the simplest facts are misinterpreted,* 


* Ono of the critics of the first odition of this work remarked, quoting this 
statement, that he was not aware “that the author had done anything to prove 
that he ir able to sit in judgment on the intellectual giants among modern meh 
of science, Mere off-hand condemnation of the laborious work of men like Sir 
W, Thorson and Prof. Clerk Maxwell cannot for one moment be tolerated.” 
‘Those eminent writers were neither condemned nor named, and science would 


pages y' 
methods which 1 do not think 


affeir of the mathematicians, Now what says Clerk Maxwell ax to the more 
ments set up by electricity? He describes the electric field, in which are lines of 
foree, with an electromotive force acting one direction along those lines; 
ing of a suspended pith-ball, he says, “it will move under the action of ® 
aren, developed by the action of the hectriGiek Vall on te eek wna 

aF the Seid.” “IE the charge ix positive, the force which ars i Yun WL we 
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if an excited electric of the opposite oder be presented it will 
p= pee re dca capable of reversing its charge, 


Hence it is stated, as a fundamental law, that bodies similarly 
electrified repel cach other, which te not true, so stated. Moisten 
the suspending fibro slightly, or substitute a ball suspended by 
8 very fine wire, and no repulsion will occur; tho ball may be 
led up above the stand, and the electric raised slightly till a 
point is reached at which the ball will float os it were in the 
air, the attaching fibre hanging loose, apparently having 
to do with the which thus acts the part fabulously 
buted to Mahomet’s coffin. Why docs repulsion occur in the 
one case and not in the other? If the excited electric be held 
over a table on which are laid some loose pith balls or picoos af 
paper, é&e., these will fly up to it, and back to the table, rapidly 

iting this till the electric excitement is considerably 
paca, or till the olectric is taken farther away; then the 
light bodies will firmly adhore to its surface. If the supposed 
repulsion really existed, it ix obvious that these bodies, which 
are of course similarly electrified by contact with the electric, 
could not be held firmly to it, If the electric when excited be 
placed apart from all surrounding bodies, in a dusty atmo- 
5] and in a beam of light, it will be seen to attract the 
loating particles and hold them without at all repelling them 
after contact. In fact, the repulsion is only apparent, the real 
cause of the motion is to be found in the attraction exerted by 
the surrounding bodies. 

If two balls are suspended side by side and touching, by 
hairs, they act like the single ono, firet touching and then flyi 
from the electric ; on removing this, thoy fall tagether, but will 
not quite touch; they apparently oxert a mutually repulsive 
action, which incroases on the approach of the electric, and also 
if on oach side an unexcited body is Sep e If, while the 
balls are separated by this apparent repulsion, an excited cleotrio 
of the opposite order is brought near, they will fall togethor: 
the hand which holds the charging electric itself, or a finger of | 
the other hand, will also act as an electric of the opposite order, | 

These experiments may be varied in almost endless forms, | 
and the actions noted with various susponding fibres, and with 

or connected to earth. 


see 
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electric fluid ading all matter, ing a strong attrac 
tion for matter, but beings strongly ‘alerepalsva: mattor in its 
ordinary state has in connection with it so much fluid as satie 
fies the mutual attractions, but when certain bodies (electrios) 
are rubbed, some absorb of the electricity from the rubber, 
and thus become positively charged with this overplus; others 
part with their proper electricity to the rubber, and thus remain 
thomselves negatively charged. “As with the other theory, the 
earth is supposed to receive the electricity driven off, or to 
supply any quantity of it when needed, This face also 
explains tho ordi: phenomena of static electricity, on it 
Berzelius built his clectro-chemical theory, which ruled chemical 
science for many years, treating the relative affinities of different 
substances as due to the relative proportions of electricity 
belonging to them. 

30. the terms of electrical science have grown up from 
these theories, and hence we have 


‘Virrrovs Resixous 
Positive ‘and! Negative | Electricity : 
+ = 


also the words charge, quantity, conduction, accumulation, and 
distribution, which imply the passage of something having @ 
roal separate existence ; these and similar terms we are obliged 
still to use, but I will define the meanings they are to convey it 
this work. The last terms and their signs will be those used, 
as they are generally known, but they will not be used ag 
conveying the idea of an excess or deficiency of a fluid, but 
simply as expressing opposite polarities of matter. 

31. Tne Moueconar ‘Tusony was founded by Faraday in his 
momorable experiments on induction, but it has since grown 
with the growth of the other sciences ; it is a necessary sequence 
to the now established doctrine of heat being motion, and is 
intimately connected with the more modern and rapidly ad- 
vanoing doctrines of chemistry. Simply stated, it is, that elec 
tricity has no existence as an entity, but the phenomena we call 
electrical are due to properties and motions of the molecules of 
matter, to comprehend which we must now return to the con+ 
sideration of the molecules themselves and their mode of are 
rangement into the usual forms and substances known to us. 
Of late there has becn a tendency to attribute tho actions of 
electricity to motions of the supposed ether (see § 5), which ig 
considered to be in some way condensed upon the material 

les: this idea is naturally most favoured by mathema- 
it is unnecessary ‘to consider it, and to all but trained 
tical minds it is nearly incomprehensible, awd appears 
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responding or complementary parts of neighbouring molecules. 
In this state the peitesaas may be said De ae The 

of this tendency would be called its tension, being the 
strain upon the attractive forces; as this increases there comes 
a when the molecules break up and re-form, as shown in 
Fig. 10d. This will be a discharge. The extreme atoms here 
may be considered either as forming parts of a continued chain, 
or as set free, 

Faraday’s theory of induction by polarization of adj 
molecules, though the origin of this conception, is very different 
from it; he was treating of the actions of a body charged with 
one kind of electricity, and the mode in which it produced elec 
trical actions on surrounding bodies, but later discoveries have 
developed that theory of the effect of Sey in the form of 
change, into a theory of the source or cause of electricity itself; 


this theory, which is the one adopted in this work, may be thus 
defined y 


Electrical action is developed only when a complete chain of 
polarized molecules can be formed. When that chain is 
composed of conducting molecules, dynamic electricity is 
fested ; when the cl is partly com: non-cond 
molecules, we have static electricity. The inotion 
the two is the presence or absence of the conditions of discharge, — 
(See aleo § 40.) 

33. We are now ready to examine the conditions under 
which, and the reasons why, friction developes electricity ; and) 
first, one glance at the utter improbability of the i 
explanation of this. Tho fluids have a strong attraction for 
each other and for matter, yet the rubbing of two substances: 
together is sufficient to separate the fluids from each other, and 
tho matter with which they are in quiet union. They have® 
strong repulsion for themselves, yet, in addition to overcoming 
these attractions, we collect these self-repulsive fluids into 

ite reservoirs. At the instant of doing so these resdire 
Yoirs are in actual contact, yet the fluids do not reunite there, 
though they will do so with great violonce when again brought 
into eva near neighbourhood, and travel any distance toget 
the opportunity. In fact, at the point of origin the fluids must 
transform their mutual attractions into repulsions, 
thus, it is obvious that such theories could only have 
the determination to make some kind of explana 
tion of striking phenomena newly discovered, and that 

have held their ground simply from habit and the gradi 

training of every one's mind to study the yhenomenr only by 
micans of them, 
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together, is developed; gases do not appoar to 
aR IU eck, tet we attend now only to the cial 
of ordinary electrical excitement, We have bit 
glass as becoming positive by friction, developin, 

Yitreous electricity, but this is not an absolute fact; if, inst 

of a piece of silk a rubber, we use a piece of cat’s-skin, tho 
glass becomes negative. The exact relation between variont 
substances is stated variously by different experimenters: the 
following list (given in Ganot’s * Physics,’ and ag the 
iost correvt) 8 the bodies which when rubbed together 


develop positive clectrici in the first and negative in the one 
Pevineiie it — 


‘The hand, Shellac, 
Ww 


‘ood. Caoutabione. 
Sulphur, Resin. 
Flannel. Guttapercha. 
Cotton, Metals, 


way from 
5 htge of 
to mnite, and 


themselves is weakened—they are polarized; Fig. 11 
n an idea of this effect. The 
molecules react on their Fw. 11. 
VU Semd and a complete chain 
excited polarized molecules is 
formed, along which is transferred 
which but for the fric- 
ion have gonerated increased 
motion. Jt does so still, but if there 
anaes it Produces that which we see and Somiiatyy 
7 1 there is resistance, we have the worion. WO% 
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the molecules, which is eloctricity, and this again exhausts 
reed transmission to neighbouring matter in the vibrations 
ol te 

Hore we have a simple theory which unites Static and 
Dynamic electricity, explains alike the excitement 
friction, contact, chemical action, and heat. All are duo to 
calling into action the latent attraction between what for 
convenience we may call the + and — atoms of diferent mole 
cules, thus weakening the + and the — attractions within \ 
molecules. This theory also includes in one the two 
contested theories of dynamic electricity, the Contact and 

re Nen ing to Fig. 11, let tho lino of dots ¢ represent 

‘ow, returning to Fig. 11, lot tho lino of dots ¢ 

the molecular att; witch ta shown variously formed to com 
the idea of the different substances which may compose it, 
‘wo separate the two surfaces, the intervening air ix polariztd, 
and the chain complete. Readers will now seo the 
explanation of the experiments § 27. When we rub the electrie 
the chain is formed through the ly. On separation it come : 
pletes itself through the air, showing the one hand holding the 
electric +-, the other hand — or the reverse. On presenting the ~ 
electric, the ball, coming within the circles of polarized molé- 
cules, is itself polarized and attracted. It then sets up its ows 
circle of polarity through its suspending fibre, supporting rod, 
down the stem and across the air, and Fig all the resulting 
phenomena of attraction and repulsion ; for this reason also the 
results are 60 different when the suspending fibre is non-con- 
ducting or conducting, inasmuch as on that depends the road 
through which the effort to discharge must be made. 

37- The foregoing remarks show the new meanings which, in 
accordance with this theory, must be given to the old terms of 
tension and discharge. Polarization already bears this meaning, 
though it has also been applied to some other phenomena, But 
though “discharge” is described as the breaking-up and re 
formation of molecules, it ia most probable that it ineludew 
another process. This is the simplest to conceive, and i® 
certainly that which occurs whenever chemical action takes 
place, and probably, therefore, in all passages of electricif 
through liquids. But it is possible that the molecules rata 
the motion withont being themselves broken up. We do 
not understand yet what cohesion ix, but it is cortainly an 
attraction between the molecules, acting from their centres, in 
@ manner analogous to the action of the atoms on each other; 
heneo we may readily perceive the probability of another kind 
of polarization, consisting of a tendency to form groupe of 
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‘provided with a cover like Fig. 6, and a stand of wood some- 
what larger than the discs. The wood should be tharoy; 
baked, well jedarey rea eae varnish, or ‘nema 
in as descril 22, and sup) ree 

ele rod or guttapercha to form eters stand. The 
upper face should be covered all over with tinfoil, connected to 
a small hook or ball screwed into one side for attaching 
conductors to. On the edge of the face should be three studs or 

jieoes of wood to hold the disc in its place when rubbed. 

hese stands serve also for Sed experimental purposes, and 
may be used as an artificial “earth.” To use the apparatus for 
examining the principles of the electrophorns, place the ebonite 
disc on the stand, rub it well with a silk handkerchief and 
apply to its face atta plane. This is simply a miniature 
cover, & piece of metal or wood covered with foil, and mounted 
on o glass handle; it is well to have a variety of these of 
various forms and sizes, providing them all with a piece of tube 
or a wire at the back, to slip on a glass handle or a stick of 
shellac. On touching the ebonite with this and presenting it 
to the pith ball electroscope it will be found that there is no 
action. Now this may arise from two causes, and therefore 
the principle must be examined. 

40. It is generally considered that when an insulated body 
touches a charged onc, the two become one, as far as the electrici 
isconcorned ; that this distributes itself over both surfaces, 
when these are separated each is supposed to retain its pi 
tionate share of the “fluid.” The proof plane is so ompleyua 
many cases, but it acts differently on the electrophorus, fact 
which throws t light aye the true but ill-understood nature 
of “ Charge.” The electrophorus is apparently, to all intents, & 
charged body, for its face, if resinous, isin a purely negative or—= 
state, yet if we apply the proof plane and remove it we shall 
discover a faint charge by very delicate instruments. 
obtain electricity on the plane wo must touch its upper face 
with a conducting body, in what is callod “connection: to 
earth”; practically the Operator's finger will sorve, but for the 
sake of theory the connection should be a piece of wire attached 
toa chain, which drops on the floor, or is hung to « yy 
iiss acailen the iyayein which tho eléstrophores te aia 
any purpose; in order to charge it by friction, tho back of it, 
aon this be a metal dish in which it is cast or the foil om 
the back of a disc lying on the stand described § 39, must be 
“connected to earth"; this meang, as in all other cases, that it 
inust be connected to the rubber; without this no charge is 
generated; but this circuit being made (either by the chain 
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been connected. The old explanation was that — charge of 
the face induced a + charge on the cover as it approached, 
and that the corresponding — of the cover went away into 
the earth, and then the opposing + and — charges bound or 
dissimulated each other, all which is needless complication. 
There is an attraction between face and cover, as there is 
between magnet and armature, in which latter case we have 
what might equally be called, bound or dissimulated mag- 
netism; in both cases alko the removal of the attracted ,) K 
against the force of attraction, restores the energy expended m 
setting up the polar force. The cover on removal haw an 
apparent charge of free + electricity; but in fact, as long as it 
lies on the plate it is in the line of the external cirenit of the 
plate to its sole, and on removal, it divides that external field, 
setting up fresh lines of force to all surrounding objects, until 
it approaches near enough to some object in which these lines 
of force can concentrate, when discharge of this local field 
occurs as a spark, ‘The required connection to the sole or other 
side of the dielectric is frequently made by a pin coming 
through the mass of the clectrophorus, with which the cover 
makes contact at once without any special process: this 
disposes of any theory calling forth the agency of the * earth” 
asa reservoir and sink of electricity, because the instrument 
acts just us perfectly when insulated as when connected fi 
earth; so also do electrical machines when their rubbers ant 
insulated and connected to the outer coating of a Leyden 
while charge is given to the inner coating from the prime 
ag ead 
1. working for discovery it is requisite to experiment 
fmt and then seek the interpretation, and this is a good mode 
of instruction also; but, on the other hand, an experiment, 
still more, a description of one, is fur more intelligently 
when its object is understood ; and for this reason, before 
ceeding to the details of the laws and experiments of 
it may be well to first explain the general principlos, al 
to understand them fully, requires acquaintance with the 
which will follow. The expressions of most electrical writers 
“re such as to justify the common notion that either positive or 
negative electricity is capable of separate existence, i 
from, and independent of, its opposite. Yet all admit this 
general law. 
(4) One electricity can never be produced without producing at 
the same time an equal quantity of the other. 
Thus, in friction, if the electric be +, the rubber is — ; a9 
: also in a battery, one extremity is +, the other —; and in 
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charged body, with all its molecules presenting their + extremi- 
ties Gatwaxte; a is the earth connection conveying the polariza- 
tion to the walls of the room, which are thus rendered —, and 
bb are the molecules of air completing the chains. This ex- 
plains why any one at all near an electrical machine in action 
experiences a peculiar tingling sensation. His body is in the 
path of polarization, and as he is a better conductor than the 
air, a good part of the circuit is concentrated in his body. All 
the small superficial hairs rise and: point on one side to the 
nearest wall or other bodies, and on the other with still greater 
intensity to the machine. This happens oven if he is insulated, 
but if he is in some degree of clectrical connection with the 
walls and floor, the nearer he stands to the machine the more he 
represents the outer coating. He is, in fact, clectrified, not, aa 
might be supposed, by the machine and with the electricity of 
the conductor, but with the opposite, beeause he completes the 
polarized chain, while, if insulated, he will be + on one side 
and —on the other. Hence we find, 

(3) The other electricity ie, in equal quantity, distributed over 
a surface separated from the first by a dielectric in which there 
existe a field of force due to these two equal opposite charges. | 

44. Ispucriox.—This term is so frequently employed in elec 
tricity that it is necessary to define fully the idea it'is intended | 
toconvey, Generally it may be said, that any molecule when 

“ polarized " induces all 
others within ite im 
fluence to follow ite | 
example, that is to my, 
employing the tme 
meaning of the word, 
it drawe them into the 


current in neighbour 
ing conductors. This power results from the constitution of the J 
molecule, as defined § 32, when under the influence of “ 
zation,” which directs ‘a portion of its constituent energy 
externally, 
Tn Fig. 13 a is the primary molecule, whence the po 
force acts in both directions and on each side, inducing its 





bours to turn towards it that side for which it has the 
attraction. Thus its + side acts on the molecules 6 
on the molecules o, secking on each side the most rapid and 
Sos epee to eed ita chain. The (hoses of mole- 
cules d represents the parsage from a good conductor into a 
dielectric, as from a cl surface into air, where the energy 
is distributed over a number of chains, 
But the idea of induction has been much misapplied. Thus, 
of has been recognized that on bringing a surface near to 
body, a charge of opposite name appears upon it, this 
78 commonly said to be “induced”: so also is the charge 
surrounding walls said to be “induced " by the charged 
body. ‘This is a consequence of the error as to the action of 
darth; first we are hts Sao to separate neutral (+ =) 
+ on the body while driving — into the varth, where 
a4 Soh ater Ee aie eee a recent book 
: but in. + objecting probal to ite soli 
“induces another ~ charge to ier it ena 
walls; whether it is the same — come back from Australia 
isnot explained. But this is not induction; it is the primary 


to describe now, the more powerful sources of 
the means of merase it, before further 
ma 


to others as to such universal and simp! 
apy space here with subjecta they do not find 
. When dealing with such subjects, it is 


they form of a necessary line of examination, 
to furnish information which may assist readers in 
‘instruments for themselves, 
Macuises.—Static electrical machines may be 
into two distinct classes. 

(@) Frictional machines, in which tho electric is constantly 
i into @ reservoir 

late and cylinder machines, 
operate on the principles of 
electrophorns. The clectric is excited by friction at the 
| commesioomont of operations, but is not itself discharged ; there 
j# no continued friction, or only sufficient to sustain the charge, 

ey 
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‘but snocessive actions of inductive charge, and discharge into a 
reservoir are effected. 


‘This is usually glass, in which case tho 
charge from it i itive. Guttapercha may be used, and has 
‘been employed in the form of a band strotehsd ‘betwee pulleys: 
electrical machines have been thus generated uninten 

in manufactories where guttapercha belting is employed, 

some fires have been caused by aes given off from such belts 
running over wooden pulleys, The best electric of all is ebonite, 
but its surface roughens and deteriorates after continued frie | 
tion. It is subject also to tho formation of a film of sul} 

acid upon its surface, owing to the action of the ozone which is 
produced when the machine is worked, and which is the cange 
of the peculiar smell perceived : for this reason it is desirable 
to coat with shellac all exposed ebonite surfaces not to be 
exposed to fricti Glass is, however, the electric usmally 
employed, because it is cheap and enduring; it has, however, 


the cies drawback of condensing moisture on its surface; as 


which see $ 23. 

The hardest glass, containing most silica, is best; —_ 
glass, such as window sheets are made of, or that from wl 
common pale green coloured bottles are made, is better that 
flint-glass. A cylinder machine may be made of a large bottle 
if one is selected with straight sides ahd polished aa 
rough surface does not genorate electricity well, as only 
salient points come in contact with the rubber. 

i, Exciter or Rubber—This part of tho instrament | 
should present as large a surface as possible to the el F 
in 4 cylinder it should reach within an inch of the ends, andi 
4 plate machine toa moderate distanes from the axis, so ast | 
utilize the surface as much as possible; it is best made ofa | 
tough but soft leather, well stufled with the best horsehair te 
give a firm and even but elastic pressure on the surface; it 
should be insulated carefully, but be itself conducting, and 
provided with the means of connection “to earth ” or to a) 

_ #us. These principles can be carried out thus, The face of the 





ber ia covered with saan ear a the edge from which 
the rubber a slip of stout tinfoil should 

over ehtly make a connection between the amal- 
gainated face and the metal back or conductor, and from tho 
i jece of soft silk, forming tho real 
finds its way, and acts much 

freely in contact with the glass. From 

of the rubber extends the flap, which covers the 
where excited, and reaches close to the 

to the prime conductor. It 

made of good stout b! silk, sewed to the edge of 
as to touch the Ley directly it leaves the pad, and 
black silk should be another, slightly amaller, of oil 
eylinder machine this flap is simply a straight piece 
glass, but in a plate machine itis out to the pe 


Mechanical Motion—This includes the mounting 

the motion is to be imparted. Wither plate or 

be firmly mounted on an axis; for small machines 

of hurd wood, thoroughly baked and saturated 

; in larger instruments this axle must be of metal, 

it must be carefully insulated in every possible 

it way of securing a plate to its axle is to have 

Toose collars of prepared wood Reting tightly on the axle, 

to take firm hold of it; the plate is fixed 

all the surfaces being well supplied with 

the parts are compressed together till 

then covered over with several coats of 

may be made of baked wood, mortised 

in plate machines this is little attended 

1 m fixed to them, and they provide an 

ate eonnection to carth through the wood, but in this 
case 


Pueeret 
atta 


it 
rs 


need it be made as non-conducting as possible, and the 
holes through which the axis is to work may be bushed with 
pieces of stout glass tube, the bearings being in loose pieces of 
‘wood serewed to the sides of the supporting frame; an ordinary 
handle gives the motion, that part of it which is grasped 

the hand being a stout glass tube free to revolve over the 


TV. The Circuit of Polarization —This, starting from the two 
| of the rubbers and electric, is carried by the motion which 
| ol Saar the “separation” under the points of the prime 


, then, crossing the narrow stratum of air in the form 
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of small sparks or a constant Inminosity, to the surface of the 
conductor; thence across the dielectric, the airof the room, to 
the walla, where it meets the corresponding action whieh, 
starting from the rubbers through the earth chain or connec 
tions, such as the table, polarizes in the opposite direction tho 
surface of the walls. In charging a Leyden jar or other a 
tus, part or all of the action is concentrated there, the two 
coatings forming the circuit with the material of the jar between 
va ao of the air. 
rng eed Wega eee is coe amervoles of eee on 
i size mi 8 nature a length of the spar! eho 
iin epee ‘ge brass tube, and ae iooeawiae elaborate a1 
mae afin This is by no means necessary when we 
tly understand its objects; all that is really essential to it 
is ere collecting portion ; this is simply a coarse comb or @ row 
of metal points fixed in a rod, and it is well to inclose this in # 
wooden , casing all except the points. The rod is oom 
nected to the prime conductor, which may be brass tubing as 
usual or of wood covered with tinfoil or Dutch metal. It must 
be carefully insulated or the power will be wasted ; its surface 
must be smooth and bas htly polished, and its form must 
present no sharp edges ; all its outlines must be curves as lange 
as possible, and where ied are provided for the insertion of 
conductors or apparatus, the openings should not be mere holes 
or tubes, but trumpet-shaped and formed into a curve. 

‘The prime conductor need not be a part of the machine itself; 
tho callootin ig comb may be connected to a separate collector, 
Dr. Winter oe Vienna has devised a pele: addition to the 
machine ; it consists of a ring of iron rod a foot or so in diameter, 
mounted on a brass stem which may be inserted into a hole ip 

is 


giving 7-inc! 
47. It may as well to mention here, that though brass 
chains are very commonly employed for connections, fest ec 
bad for the purpose, for they are full of breaks ie 
andif the machine to which they are connected is worked i in 


the dark, a constant stream of fire will be seen passing from 
them; it is much better to use wire cord, such as is made for 
sash lines or hangin, pictares, and to slip even this within 
small caoutchouc tubo; chains may be used to connect the 
rubbers to “earth” or ” surrounding objects, as there is little 
tendency to escape unless brought near the prime conductor or 





to develop electricity freely, but 
ascertained; there are various 
uncertain if any one has a special 


making is to melt the tin and zinc 
porcelain crucible over a Bunsen's burner, then 
together till thoy are just about to solidify, when 
the mercury should be added, worked im, and the whole 
transferred to a small mortar made warm enough to soften the 
while it is well worked together, after which a 
of hard tallow not quite equal in bulk to the amalgam 
is to be worked in. 

The foregoing principles being understood, those who 
wat to construct instruments for themselves may easily devise 
‘arrangements to suit their means. Very simple materials may 
be used, thus insulating supports or handles may be made from 

Pphials, the object to bo supported being comented into 
with a mixture of about equal bulks of powdered 
resin and pe cid Bath brick melted together with a very 
s the working of machinos is #0 greatly affected by damp, 
Ln ged with advantage be built up within a closed box lined 
ith ebenite instead of a frame, the axis passing through 
lude the external air, while the interior 
means of a drawer containing lumps of 
the case 

made a condenser replacing the usual conductors, 
machines are however going out, of uso, because of 
defects, and the fatigue involved in working them. 
machines produce equal effects with only a fraction of 


rinciple of the electro- 
but a small charge is 


i to a high teak 
these instruments, although there is no direct friction, there 





40 BTATIO OB FRICTIONAL ELECTRICITY. [50 


is set up 4 resistance to motion by these electrical actions, 
which acts the part of friction and transforms the mechanical 
energy of the motion into electrical energy with all its effects. 
‘The original of all the various forms was Varley’s multiplier, 
in which was, for the first time, applied tho princij 
“accumulation,” which, applied also by Mr, Varley to the 
magnoto-olectric machine, is the foundation of the powerful 
isrators of current electricity now in use, In the generators 
of static and dynamic electricity, the principle is that a 
small initial charge can be used to convert mechanical onan 
into electrical energy, and to develop a high foros. 
principle may be understood by means of Fig. 14. EH F are 


plates of metal (which in the instrument were arranged in o 
row) in front of which the 


carries on and adds to that on E. In tho actual instrament, of 
course, the charges which are induced upon © involve a 
corresponding opposite quantity transferred, by means of a tom- 
porary connection toz, to another set of plates similar to BF, in 
which the same series of operations are carried on. At 
the charge rises to the full “ potential” of which the insulatio 

of the instrument admits, and then the electricity overflows 

o the external circuit, 





42 STATIO OR PRIOTIONAL ELKCTRICITY. [52 


carries the whole system, in its groove, and fixing it by means 
of O; this, which cannot be clearly seen in ihe ligwiewet 
is hidden by other parts, is a hai of wood, carrying a screw 
which passes through a longitudinal slot in B, and into a nut 
upon a strip of iron fixed across the e, 80 that when the 
screw is tightened up it clamps the sliding bar B against the 


On the furthor part of the base there is a strong wood pillar 
D, the end of which is tumed down to fit a hole in the base to 
which it is screwed from the bottom when truly adjusted. 
From this pillar there projects the axis which carries the 
working this is formed conically where the moving 
Vee) work on it and ita end is reduced to receive the varions 

jttings. A little above this axle there is also a rod of ebonite 
cer es nels elon fo 8s sak to carry the 

plate, which is also supported by two notched pegs of 
ebonite fixed in the base board, only one of which is seen in the 


figure. 

The fixed disc E (say 12) inches in diameter) has a central 
pening of 3 inches diameter. Let us imagine a circle drawn on 

is of 74 inches diameter, ded into six equal parts: on two 

posite Se of these points are fixed t-inch discs of tinfoil, 
icin FF on cach side of the plate, connected together by a 
strip of foil, The intermediate points are unoceupied in 
fixed plate, and it is not unlikely that the working would be 
improved by dividing it, and leaving an open space between 
the two parts in ath vertical oh GG are Ee 

it over the pairs of foil, and projecting t 
fal one division, in the direction Hi the motion: strips of 
foil also connect opposite discs of the two pairs to brass clamps, 
which are fixed to the edge of the plate and project md it, 
and have holes in them to carry the fittings KK. The plate Bis 
to be placed upon its supports, with the foils and shields at the 
tack. Its whole surface ascent upon the shields which are re- 
aires to uct as partial conductors) is carefully varnished, as is 

lao the moving plate, in order to prevent deposit of moisture; 
the glass also must be thin, such as aincreciien , but perfectly 
fiat, and of suitable quality, or other materials such as ebonite 
or vulcanized fibre may be substituted. 

The moving disc H (say 10} inches in diameter) has a contral 
hole for mounting on its axis, and should be divided exactly as 
the other into six equidistant points, to be fitted with meh 
discs of foil, i i, upon which are fixed small metal buttons? 
these aro firmly fixed to the glass diso through small holes in 

foil, by means of marine glue or other cement, but must 
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discharge the several parts of the disc of any residual electricity 
not taken up by the collecting combs: it re) ts z in Fig, 14. 
Its working position is not vertical, as shown, but just over 
the end of Gif el shield; and the fixed plate i: r, thor 
working in different positions, is probably Peat arranged 

its discs equally above and below the collectors. 

K K are brushes carried upon bent arms screwed to the clamps 
on the fixed plates connected by strips of foil to the adjoin- 
cares of discs; the brushes are so annals: that they just 

the buttons as they pass under them, so as to connect 
together the dises of the fixed and moving plates which are 
exactly opposite each other. 

The special property of this machine is that it requires no 
initial charge to be given it, because, as with ma iron, 
there always remains some residual charge about it which cant 
be worked up. It is also said to be unaffected by damp air, but 
T have not found this to be the case; like all other machines, 
it should be worked in a warm and dry room. 

53-,An examination of the machine while working in the 
anc is both interesting and instructive. It will be sean that 
‘an aigrette, or brush discharge, occurs into surrounding space 
at one of the appliances K, while at the other there is a small 
star of violet light indicating the + and — charges of what wo 
may properly call the “ field inductive system,” for i the 
part of tho field magnets in dynamo-machines, a metal 


a, held in the hand, Lie either of these parts, the 


instrument ceases to act, if a momentary circuit is closed 

between them, the direction of the circuit is apt to be reversed— 

4 consequence which appears algo to result from making the 
per shields too long. 

A line of fire will be seen tending to the points of one of the 
collecting combs, and a similar effect is seen at the points of the 
secondary comb, Fig. 15, and here is manifested the relation 
between inductive circuits, which is the same in principle as in 
the case of currents and conductive circuits. 

eave have, in fact, two derived inductive cirouite—that 
of the field system along the surface of the plates, and the 
external path between the two conductors, and these two 
divide at the collecting combs. If we bring the conductor 
knobs close together, we reduce the external inductive resist- 
ance; the greater part of the available electricity takes that 
road, and may be seen streaming into the collector system. 
But, if we open the space so as to get a long spark, an 
eumesaiay change takes place in the ratio of the two resist 
ances, and increasing action is soen to occur at the zero comb, — 





collecting system is reduced. The long spark 
jitheace in it than thankorter! 
ppears like a continuous stream of light- 
is an illusion duo to “ persistence of vision." 
@ succession of Prope, each enduring probabl, 
@ second, but wing each other at Interv: 
of a second, the intervals being indicated by 
discharge. When a wheel rotates rapidly all 
ish into a sort of blur, but such a wheel is seen 
tning-fiash as though it were at rest. The disce on 
‘cas disappear in this manner; but in the 
seen as if at rest, or oven as though moving 
have, in fact, the conditions of the rotating 
yvacunm tube worked by an induction coil, which presents the 
a stationary cross or star; or may have an 
reverse motion, according to the relation between 
rotation and the action of the break. 
lace the balls of the conductors so far aj that 
pass, and then tie a piece of soft thread 
ke freely, notwithstanding that the 
a Pals uctor; because, the resistance bein, 
the current is drawn over to the external circuit, an 
on the field can be raised to a higher potential. 
will now give some valuable instruction. Ap- 
balls so that the thread hangs quite loosely and 
4 partial charge, + at one half, and — at the other; 
therefore, as the balls close to it. It will be seen at 
though Cast alike, there is no repulsion between 
and thread adjoining, but a small attraction, There 
, & strong attraction for the other end of the thread, 
it is drawn over as tightly as possible in opposite diroo- 
ii ‘ich instantly turns up over the 
between the attractions acting on 
Sometimes it will manifest a preference for the 
itive ball and remain on that side. If the thread is cut in 
cto Se a fo enitasic «oor se eens 
bit or for & jong while; if forci! 
separated will ty irk to the adjoining Leyden jars, the 
of which are in opposite polar conditions to the balls 
. By taking off one of the balls of the conductor, leaving a 
2 Bian and brush discharge is produced, and ‘lnstretes 
iow ference between the + and — actions of electricity, 
to which ball is removed; when the brash is pro- 
duced at the ball, there is a hissing sound which is not produced 
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when the -++- discharge occurs at the point without developii 
the brush discharge. ~ sa 
8. A metallic-sponge benzoline-lamp placed between the 
batle gives remarkable effects. On working the machine with 
the lamp insulated, a slight tendency of the flame to one pole is 
observed, with an evident blowing action from the other; when 
the lamp is connected to cither pole, the flame tends to the 
other. But this is masked by a very much stronger action 
which occurs when the lamp is made positive; then the 
flame is driven in a bubbling cascade down the wick stem, 
burns pen more ae 8 as besey the ae wore 
rapi wn up; and if the s is great, the lamp may 
cant if extinguished by this action. ee! 

59- Lhave found somo curious effocts when passing the dis- 
charge throughasensitive galvanometer ; if connected direct from 
the collectors, of course the potential cannot be raised highly, 
because the outer circuit carrics it off; in this case the defleo- 
tion increases with the speed of rotation: interposed resistance 
up to 10,000 2hms produces, of course, no effect, as this has no 
apprecinble ratio to the ssa between the glass and combs. 
A resistance of many megohms would be requisite. If oon- 
nocted from one collector to a third separate ball from which 
the action oceurs, I found a deflection of 50° (Ampere -ccoog) 
with the balls in contact; on separating a finch so that sparks 
crossed, the deflection fell instantly to (Ampere ‘o00005) 10° 
showing that, notwithstanding the greatly mcreased potential 
or force, there was less quantity generated, As the balla 
rated, the deflection increased till, at the distance at wl 
sparks ceased, and only a aoe discharge was produced, the 
deflection rose to 45°, although under these conditions the 

vanometer was only a derived circuit, taking, probably, less 

an one-half of the current generated. 

According to similar experiments made in Germany with & 
Holz machine, the electromotive force was about 53,000 
volts and constant for all speeds of rotation; this latter seems 
doubtful. It was also found that the resistance was nearly 
inversely proportional to the speed of rotation, being 2810 
megohms at 120 per minute, and 646 megohms at 450 revolu- 
tions; this also seems doubtful, and as the result is the same as 
that I havo stated above, that the current is nearly proportional 
to rate of revolution (as is the case with magnoto-electrio 
machines), it seoms probable that the effects of electromotive 
force and rosixtance are not very easily ascertained or measured 
in these machines. 

60, The machine as shown Fig. 15, can casily be converted 
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at 


wEOEE 


Pas, 16, 


i eh ATT between them at the 
strips cemented over theso so us to 
in, when it can be supported exactly as 
~ 15. ‘Tho second pair of combs for short 
jnired. 

lolz the two conductors are brought in contact; 
pivee of ebonite ix rubbed and Inid on one of the paper arma- 
disc is then rotated and the arms Tahal: sepa- 
motion is arrested, or if the arms are separated 
distance at which sparks can pass, the machine 

its charge and “lpr must be recommenced. 
Tn constructing any of the different machines, a strip of wire 
forms a very effective comb, easily made. Brass rods, 
&c., may generally be substituted by wood covered neatly 
with tinfoil or gold leat, and in many cases, sound wood, very 
A Ny baked and thon boiled in melted paraffin, may replace 


61. Exxcrnomerens.—The instruments described § 24 are 
indicators of the presence of electric excitement ; they 

do not distinguish itx character as -+ or —, and only give a 
‘Yery rough indication as to its degree ; but to get accurwte in- 
formation, something more exact is needed, it is desirable 


to be rete ith these before proceeding to study the 
v rier § ‘is scarcel; thi electroscope, bi 
Henley's ig scarcely more than an nt 
is easily made, and useful for indicating high charges, as for 
‘attaching to the conductor of a machine at work, It is simpl: 
a wire, ‘ing a plate of ivory (card, baked and parained, 
answer) upon which a ee circle of degrees is drawn ; 


4 pith ball hangs by a fine from the centre of the circle, 
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was maintained by means of a “dry pile,” but any constant 
source, such a8 a series of arnall galvanic cells, can be used. 

66, Dry Pues.—The name is erroneons, because they are to 
all intents galvanic batteries of enormous resistance, developing 
high potential, and not meant to genorate a current: but they 
work purely by chemical action due to the moisture contained 
in them, 

Various matorials aie be used ; zino-foil, paper, and SORE 
foil pasted together will serve, but the best is composed of 
aino or tinfoil pasted to paper, the other side of which is rubbed 
with finely powdered oxide of manganese; it is said that hon 
is better paste ; afier drying moderately, a number of # 
sheets are Taid in regular order over als other, and discs 
punched out of them, say 1 inch in diameter; these are packed, 
to the number of soveral hundred pairs, in a dry glass tube 
fitted with brass ends tightly fixed over the discs. Such a rod 
resembles a magnet in having polar ends, and would manifest 
the same lines of force as the bar magnet doos. 

Such piles have a permanent charge, + at one end, — at the 
other, and will act upon electroscopes ; or if formed like a horse- 
shoo aan with a ball or gold leaf suspended between the 


poles, maintain a steady vibration of this, ringing a bell, 
. for years, 


But euch a use of them eventually destroys their power: it 
is developing a current from them, which needs a supply of 
energy; they might however prove useful for some experi- 
mental work in which a prolonged minute current is desired, 
as they would require no attention. Bnt their proper use is to 
maintain a “ field of force" between their poles; or to serve as 
an electric wand or touchstone, 

67. Tax Uxrr Jan.—This is a useful measurer of the “ quan- 
tity” of electricity employed in producing a “charge”; it acts 
in much the same manner as a pint measure does with liquids, 
or would with gases if fitted with a gauge for their pressure: 
this is just what the unit jar, Fig. 18, has. J is a small Leyden 
jar with a covered surface of say 6 inches; the inside is con- 
nected to a metallic stem which can cither be inserted in the 
prime conductor or mounted on an insulating stand; to it 
is also connected a stem e terminating in a ball; the outer 
coating has a ball a which is connected to the jar or bat 
to be charged, it is also provided with two metal rings whi 
carry a screw stem b ending in balls; by it the distance 
separating the discharging balls of the two coatings is regulated, 
and consequently the potential to which the jar can be “ed 5 
is an advantageous addition to the ordinary form, to prevent 





tho unit jar 

affecting the battery or large con 

denser, and i counting the number of 
which thus ees tering the process 
charging, the amount it has received is 
pretty accurately measured, because each 
spark implies a constant quantity and 
potential. Of course, a unit of this kind 
tan also be constructed of paper, &c., and 
he thus made of exactly the sume specific 
4 the condenser with which it is to 


worked, 
68. Tar Leyprs Jan.—This instrament, 
actidentally invented without any know- 
ledge of the principles it is dependent on, 
ix @ receiver or reservoir of electricity : i 
was originally considered, and is still often 
described as though it were a bottle to be 
filled with one electricity, and provided the 
true explanation be well understood, some 
advantage may bo obtained from this view. ‘The jar has 
“capacity” as a bottle has for a gas, and us with a gas 
the “quantity” which can be stored in it is proportional 
to Pressure and also reacts in the form of pressure or 
tendency to escape in proportion to the quantity contained. 
Bat the analogy is not quite porfect as to this reaction 
‘Or pressure: in the case of a gas, quantity and pressure are 
ite; in the case of olectricity the relation is botweon 
quantity and “potential,” which is rolated to the square root 
Laas ‘The explanation of the theory of the Leydon jar 
be found under the several heads; it really involves the 


whole of the inductive cirouit and the nature of static 
. See $$ 91-94. 


cpererian jar is simply & “condenser.” The bottle form 

was tally usod in an experiment as to the action of 

electricity on water: it is, however, the form best suited to 

electricity at high potential, because its closed form gives most 

resistance to discharge. It consists of glass or ebonito jar, 

covered inside and out with tinfoil, excopt at the upper Yor, 
wa 


> 
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where the surface should be varnished; it should have a cover 
of insulating material in the centre of which a brass knob forms 
the conductor, connected to the inner coating by a wire ter- 
minating in a soft wire brush or pioce of metal asl 

of glass or ebonite coated on both sides may be used mounted 
in a frame, but will not bear so high a strain as jars, Either 
form may be combined (like galvanio batteries) for “ quantity” 
as one, in multiple arc, or for “force” in series. Also, to obtain 
either condition from the other, they may be charged from 
low power source as one, and then connected for discharge in 
series, or they may be charged in series, fron: a powerful source, 
and discharged as one for quantity. This used to be called 
“ charging in cascade.” 

The same remarks apply to glass for this pr as for 
electrical oe § 45, but tho Bee for a wil be found 
$95 an specific inductive capacity, a © conditions governing 
ike actions of charge, Oesrge bos are explained §§ 84-91. 

69. Conpensers.—These are used for receiving ofa 
low potential and are of much value in cable telegraphy, and 
with induotion coils; they will not bear very high charges, 
but are most conveniently described here, because they are, in 
ee oa pure Leyden jars. They consist of sheets of some 

jelectric coated with tinfoil connected alternately to the + 
ont ae Mica is qoneaesee one re the best 

it for many purposes paraflined paper will answer. 

The best. ae of Retendiion's to cut up the tinfoil into 
sheets of the size desired, and to make of them two pies like 

outer 


ts the inner coating: upon tho extrome end of 
cach of these piles place a tinned wire or strip of motal, and 
means of a soldering iron run all the edges together so as 
make a perfect metallic connection. The foil should 
baked and warmed when about to be used, to drive 
moisture from the surfaces of the metal, and it is well to ral 
each leaf as it is laid down with a dry warm cloth. Out sheets 
of paper large enough to allow a margin of at least an inch, 
three sides of the foil. The paper should be thin, not 
highly glazed, and should show no acid reaction by reddening 
wis <a Seber with a ieee solution a ae a should be 
oToU| 2 in a vessel of kept well 
over its Danae eas and then drained socet by Rie as 
smoothly as possible, A well-baked piece of wood of the same 
sizo or larger than the Peres laid upon a table, its face 
soaked with parafin and a 8] or two of the paper laid upon 
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of some t, and this apparent offect was the origin of the 
fluid theories of cloctricity, and of all the supposed laws which 
are said to govern the distribution of ae 
If we approach the ebonite to the knob, but not so as to 
touch, the leaves diverge, but on removal of the ebonite they 
fall together again, and show no trace of electricity upon them: 
while diverging they had electricity upon them, but this tempo- 
oy charge is said to be an induced. ere 
‘urther, if the leaves or balls are touched while thus diverged 
under the inducing influence, then upon removal of the inductor 
they will continue divergent, ‘This is said to be due to an 
induced charge which proves to be of the opposite nature to 
that of the inductor. 
The divergence of the leaves or balls ix said to be due toa 
lxive force, due to the self-repulsive nature of electricitics 
of the same name, with which each is charged. These three 
ideas, Charge, Induction, Force, when clearly worked out, explain 
the whole of the static actions of electricity. 


quired 144 of torsion force, i 
up} int will move eae 567 
$76. We have thus throo di 
which are in the ratios of 1,3, } 
aro 36, 144, 575, the ratios of 
we have law (6). The repul 


law (7). 
tloctitea 
charges. 
As the quantity is in most cases equal and opposite, the 
offect is that the force is as the square of the quantity, 
Combining the two the farce is 2.9 


Though these are called laws, they are only the phenomena 
of a fixed state of facts; they are true as to a particular con- 
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receiver or conductor: electrometers only measure quantity by 
means of this relation; their action is due directly to the 
potential, and attractions in the field. 

73. Dexsity.—This term represents the “ quantity per unit 
area,” that isto say, the number of lines of force or units of eleo- 
tricity concentrated upon a unit surfeco. Density ix equal at all 
parts of a sphere ata great distance from surrounding bodies, or 
surrounded by a concentric sphere: it is equal also at all parts 
of large plates opposed to each other at a small distance, 
Where the distance of surfaces is not equal at all ‘the 
density is greater as the distance between the op surfaces 
is lees, that is to say, the density is inversely as the inductive 
resistance. Asa consequence it is greatest at any projecting 

ints or edges: this is due to two causes: (1) So many lines of 
ies can form from any surface as can pass from it to the 
opposed surfaces: from a sphere this is alike at all parts; but a 
projecting cone will have its capacity for lines of force increase 
as its length increases, while at tho point it will be a centre 
for the whole opposing area except that of the cone behind 
it. (2) The law of inverse squares, owing to which the force 
or attractions, § 71, on each part of the surface increase as the 
square of the reduction of distance due to the profentions It ig 
usual in text-books, to give pictures of spheres, ellipses, and 80 
on, with dotted lines surrounding them to illustrate the density, 
or as some say the depth of the stratum of electricity retained 
at the various parts. ‘I'hese are misleading, because they ignore 
the fundamental fact that the distribution is not a matter of 
the form of the charged body, but one entirely dependent a 
the position of the equal opposite charge, which is insopara! 
from it. Some books endeavour to counteract this by sayi 
that the distribution shown is correct only when the bared 
bodies aro at a great distance from all other surfaces. It 
appears better for the student to look at the general traths 
involved, that is, to examine the dielectric to which the surfaces 
are electrodes, and the length of the lines of force, rather than 
a mere isolated example, because that happened to be what 
presented itself to the early observers. 

In the case of two concentric spheres oppositely charged it is 
evident the densities must be inversely as the squares of tho 
two radii, because this is the ratio of areas or surfaces of the 
spheres. Now in the caso of a single charged sphere in tho 
middle of a room, we may regard tho surrounding walls as a 
sphere, and if the radius of the ball is: inch that of the 
walls 6 feet (12-foot room) or 72 inches, it is evident that the 
density upon any part of the walls will be as 727 = 5184 is to & 
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Inasmuch as attraction varies (§ 71) as the square of tho 
distance, it is evident that the pull in the direction shown 

the long arrows must be greatly inferior to that of the short 
one to the nearest —; hence an apparent repulsion between + 


of calenlation the mathematical system of 
treating such different actions as + and — forces, is of course 
convenient. So also, although it is not possible to have unequal 
quantities of electricity really related to each other, yet it is 
convenient to treat the different parts of a complicated surface 
as though each + and — charge wore an isolated thing. That 
is to say, if we have a + charge = 5 and a — charge = 3 thero 
is somewhere another — charge = 2; the trae condition is that 
there exist two distinct inductive circuits 3 +—3 and 2+—2 
which are analogous to derived circuits in currents, but we 
may include the effect of the other circuit by calenlating the 
actions as due to + 5 and — 3, and referring these actions to 
an artificial datum or centre. 

Tn fact the force between naturally charged surfaces is as the 
square of the quantity upon one, Q* or as the product of 
quantity and potential, these varying alike. But the mathe- 
matical formula is Q x Q' (the product of the two quantities be 
they + or —) in order to enable the different parts to be dealt 
with aa though each were isolated. 

Force varies as the square of the distance when regarded ag 
exerted from a central point; this is in fact a necessary 
consequence of radiant action, because spheres vary in surface 
area as the square of their radii. But in flat plates pi 

|. a8 in the balance electrometer § 64, the attraction is 
as the distance, But though we have thus, distance simply in 
one case and square of the distance in the other, the same cause 
and law is operating as will be seen § 94. Tho flat plites are 
simply equivalent to parts of the surface of very large spheres, 
and tho actual distance apart bearing no relation to the 
of the radii, the difference of the squares of the two (theoretical 
distances) is practically undistinguishable from the distances 
themselves. 


Hence, Force varies as square of Quantity. 
square of difference of Potential. 
inversely as square of distance from 
centre. 


75, Texstox.—This term is so differently sed as to cause 


much confusion, as may be seen from the following quotation 
frou: Gmelin's * Handbook of Chemistry’ (a curious name fora 
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in which the author and several eminent clectricians took 
part, Clerk-Maxwell said, “Tho theory of eloctro-statics ix 
greatly simplified by the introduction of this new concept of 
tial.” “As soon a8 we pass from electro-statics to other 
nts of electrical science we find that the concept of 
potential is no longer available, except when used ina restricted 
sense and under carefully defined conditions.” “In other 
of electrical science we have to deal with electromotive 
in cases where * potential’ and mently ‘potential dif- 
ference’ are words without meaning.” The term was not em- 
ployed in the first edition of this work, but “ tension” was used 
im the same senso. ‘T'onsion itself is employed in two senses 
electricians, § and as the use and meaning of potential 
now better , and the word generally employed in 
oloctrical writings, it is used here now in its application to 
static conditions only,, and I will endeavour to make its 
meaning clear. 

Professor Baynes (in the discussion referred to) remarked 
that potential is the square root of force. See § 74. 

Dr. 0. Lodge defined the “potential of a point as the 
potential energy of unit electricity, if placed there.” 

Both these definitions are really embraced in the explanation 
attempted, of the relations of foree and energy to electric 
current in the sections treating of Ohm's formule in the chapter 
on Current. 


m unit weight i in 

But none the leas the expreasion 

ery erroneous and misleading; it would be erroneous to way 

that “gravitation effect is the work expended upon unit weight, 

thongh it would be correst to Lyf that it is proportional, upon 

unit weight, to tho work expended in raising it. So potential 
is not the work, but a general expression for such a stress as 
would be capable of doing that work on a limited mass, such as 

unit weight, or unit electricity. 

It is very important that the student of Natural Science 

should not rest in mere words and formule, but should realize — 
their meanings, and endeavour to attach a definite co 7 
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As this work deals only with the electricity which exists in 
nature, the term must never be understood in these as 
conveying any of these imaginations, but purely as the static 
analogue of Dynamic Electromotive Force. 

81. Disrrisurion or Euecrricery.—Most electrical works oo- 


; the 
i 
clearly realizing of the dual nature of electricity and its action 
in a field of force, is the laying of a sound foundation for the 
whole structure of the comprehension of electrical action. As 
the question of surface action will be thoroughly examined, 
one iltustration of the apparent confinement to external surfaces 
will suffice, Faraday used a conical of stiff muslin, pro- 
vided with silk cords by which it could be turned inside out; 
and mounted on a metal ring supported on an insulating stand, 
If a charged body is introduced into the open mouth and 
touched to the bag, the electricity leaves it, and is found on 
the outside, on which all the little fibres will risa; no trace of 
any is to be found in tho interior; if now, by means of the 
strings, the bag is turned inside out, the electricity at ones 
to the other and now outer side. Faraday even showed 
that inside an insulated chamber built for the purpess within 
another room, and strongly charged with clectricity, the most 
Aolicate instruments contained in it and connected to it showed 
no trace of action. 

‘This experiment has been very carefully repeated by othors 
also, but interesting as it is, and important as it was at the 
time, it only proves what ia a detail, an instance of a 
law. The static actions of electricity are manifested at surfaces 
because these are the boundaries of the field of force in which the elec 
tric charge existe. The law and its reason are obvious: Eleo- 
tricity in its static manifestations must be found only on suxfaces, 
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may be regarded as the centre of a sphere, concentrating, 1) 

it all the ible lines of force, All substances have their 
limit of endurance, their breaking strain; tho dielectric strength 
of air has its limit, and under these circumstances it breaks 
down and becomes a conductor: the breaking strain of air ig 
reached when tho density approaches 20 statio units (§ 72) per 
Aquare centimetre: we may conceive that in theao circum- 
stances the molecules of air become so strongly charged that 
they fly off towards the estar | surfaces. If the points 
are cased in guttapercha or other substances of greater power 
of endurance the limit of charge is largely increased. 

It may be as well to refer here to the action of the electrio 
whirl. ‘This consists of a number of wires with their ends 
pointed and bent all in one direction, and fixed upon a centre 
point so as to be able to rotate. When this is connected to an 
electric source, it rotates rapidly, and if examined in the dark 
it will be seen that each point is giving off a brash discharge, 
which the motion converts into a luminous ring. This is 
commonly explained as an effect of repulsion between the 
points and the particles of charged air. There are probably 
two actions at work: the brush constitutes a negative attrac- 
tion upon the metallic arms on one side, becauss the attr 
tion is exerted on the molecules of air, therefore the active 
attractions remaining are on the other side of the arma: but as 
the particles of air are rapidly drawn away so as to produce 

wind, an equal eddy wind is produced which acts in the 
opposite direction on the arms and produces rotation. 

84. Sonvace Densery.—lf wo take two balls of 1 and 2 inch 
diameter and charge them both at the same time from one 
source, the 2-inch will have twice the “ quantity " of electricity 
on it that the other has; but if we apply the two balls to an 
electroscope, they will both give the same indications, or if 
both are tested by proof plane and balance, both will be found 
charged alike. It is necessary therefore to see what will be 
the effect of altering the extent of surface without altering the 
so-called quantity of electricity. Wo can do this by the 
instrument shown, Fig. 21: @ is a brass tube, one ond fitted 
with « piece of metal from which extends a wire for the axia, 
the other ond fitted with a plug of indiarubber, in which is 
scoured a wire forming the other end of the axis, and bent into 
a winch; b is a sheot of tinfoil; ¢ and c' are glass tubes, to tho 
top of which are cemented wires bent round to serve am 
bearings for a; on ¢ is soldered a wire book to carry two pith 
bulls. If the foil 6 be now charged in the usual way the 
electroscope will give an indication representing « given change, 








its own resistance and conditions ; that each line of force is 
truly @ circuit, and that it should be studied on 
pease ‘iples as rule the actions of a large number of 
wires of different kinds connected to a galvanic circuit, and — 
constituting derived circuits for current. 

85. One of Faraday’s beautifal experiments illustrates many 
of the points hitherto considered. Let Fig. 22 represent a 
room containing a, a source of electricity, such as a machine, 
to the prime conductor of which is suspended a ball +, the 
rubber being connected to earth, that is to the walls, from which 
the radiating lines indicate the lines of electric tension set 2 
in the is an electrometer which if connected to + wil 
show positive electricity by the leaves diverging ; if instead of 
this ¢ is connected to the walls, a feeble divergence will be 


Fra, 22. Fra, 28, 





KA» 
manifested, but this time it will show nogative beets | 
however, will eee a very delicate instrament, 


i 





although exactly 
on the walls as there is of positive on +, the surface is 80 
larger, that the density is so low as to render its 
almost undiscoverable. See $ 73. 

86. Ixpucen Cuancrs,—The experiment is furthor developed 
in Fig. 23, in which p is a metallic pail surrounding +, and 
itself insulated by the glass stand i. The pail is not in 
with +, yet on connection to the electrometer i ide ia 
found to be +. In fact this experiment is in Ee the | 
samo as those described § 90, and the pail will be found to hays 
the same quantity of positive electricity on its exterior surface 
as + itself has, yet the latter has lost none; on the other h 
if + bo now touched to the pail and discharged, p will 


e same quantity of negative electricity exists 





which the chain of polarization is developed. 

ball on an insulating stand; if we imagine it 

tho conditions are those of Fig. 22, an equal quantity 
tricity existing on the walls; we now bring near it, but not 
near enough for a spark to pass, the insulated 

furnishes a new path for the force, and its molecules are pola- 


Fria. 2. 


et a ee 

- LI T a 
natural electricity of the cylinder, attracting to its nearest end 
an lage quantity of the cree electricity, and rise 


ing tho 

ilar to the other end. Add }, a similar cylinder, the 
same result occurs in it, and in as many os we ploase, ‘Tor 
minate tho sorics by a ball similar to tho first; it, like the 

‘linders, is polarized; but if by means of a chain or a dis 
charger we connect the ball to “earth” for a moment, we 
the is then charged with — electricity alone, and to 
tinue the old explanation, its + goes to earth, leaving the 
charge opposite to that of the first ball. 

But the real explanation is this: When a is placed near 
ball, it presenta a more ready peth for the force, because 
molecules resist loss than those of air, hence a twofold acti 
Its molecules are polarized by the force charged on the | 
displaces, but also a disturbance of the previously 


¥ 
fl 


linder@, This — 
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repelled: the reason is that the inductive cirenit A 


resistance so small, compared with the outer circuit, 
— charge has left the outer cironit and concentrated uj 


rablo from it, but constituting with it a field of foroe wherever 
it finds the least resistance, that is to say, where there is present 
at the shortest distances, matter having the most capacity for 
generating the field, or as the next stage of still lower resistanos, 
matter capable of transmitting electric current. 

If we connect A to the prime conductor, and B to the rubber, 
the whole apparatus and source being insulated so as to confine 
the action to this circuit, when we generate electricity electro- 

fixed to the inner faces will be repelled as usual, bat 

those on the outer faces will be entirely unaffected. In this 

state we cannot discharge either of the discs by any earth con- 
nection, we can only slightly diminish the chargo; if we touch 
A, a derived circuit is set up, and a portion of the positive 
charge passes to surrounding conductors, and the more distant 

apart the discs are, the greater this portion will be, because tho — 
rgo will divide itself in proportion to the resistance of every 
ath open to it. If we next touch B, a similar action occurs; 

Frat an amount of chargo passes away eqnal to that removed — 
from A, and then a negative charge takes its place; thus, step 

by step, the charge may be removed. 
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conditions, the AB (which exactly represent 
of a Ley jar) fi carrespond to te two 

of a galvanic cell eee tats earth ea 

pie Tee ont connecting: only one of a batter 
ay tery plat are pat 

aera until ier pany 


89. Bouxp on Dissimonaren Buserry. —These are terms 
vin to the old theories : they are meaningless under 
but are still carne in text-books. When, 
+ charge acts by induction on the cylinder a, 
eat to break up the neutral eloctricity, to attract 
its-+-to the further end of the oylinder: 
Sar two charges of electricity, of which only 
Siena toearth. This + is called the 
— is said to be bound by the attraction of 
ee have been explained. 

Pe # 19, aia attach the plate 
sr pt the faces being varnished 
the plates A i Fis. 24), we have a condensing 

we apply a» weak source of electricity to the 
Fel a very slight action occurs at the aahers 


potest remains 
remain unaffected ; of course, the two 
Past distor each other, cach acts as though it wore 
we now remove the see plate (after disconnecting 
ocelot hy? I quote from a recent 
aoe capacity of the condenser diminishes enormously and 
uantity of electricity is now able to raise the 
potential of the ae a higher degree and the gold leaves 
“=a Gerais ly." The explanation aaah obscures the 
facts. te plates have nothing to do with the matter; 
whon tho upper plate is removed the condenser ceases to exist, 
bat there are two Pe diatieet cirenits through the air to other 
surfaces; one circuit is from the surface of the plate, tho ea 

from that of the leaves: these latter (if there is an earth 
as shown, by the foil on the glass caso) have a nit 
much the lowest resistance and the action concentrates there 
as described in § 88 — the cireuit is changed by 

to the plate B of 

the plates A and B of Fae erel placed! va fax apt ot 
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possible they will only receive a certain quantity of cloctric 
charge from a source of a given potential, such as a battery: if 
we approach the plates, they wallicwoatre « higher charge, not 
because the two electricities attract each other more strongly 
and are therefore able to bind more of each other as the books 


pase ER ie oe aes 
and charged as much ns possi en the placin, 
a ateet of glass es O, Fig. a5) woald enable a yet higher 
charge to be taken up, and a shect of ebonite would yet further 
increase this “capacity for electric charge": this shows that 
the matter between the surfaces plays an important part, and 
the case is analogous to substituting 4 co} wire in a battery 
cirouit for a brass one of equal size and length. ing our 
minds from the ideas of dissimulation, the molecular 
gives a clear explanation of the facts, Tho charge a given 
cironit can receive from a given source is in the inverse ratio of 
the resistance of that circuit ; or, in other words, proportional to ite 
inductive capacity. 

go. Ixciosen Sriere.—The action of a sphere inclosed in 
another sphere affords the most complete study of the princi 
of tho inductive cirouits, and it is so completely ensh: in 
mys! in most of the text-books that it is desirable to ex 


f 


wire th: the tube into a, and charge it, connecting 
a tat the rubber of the machine, then we 
ind + electricity on a, and — on the inside of b, whi 
will show no signs of electricity, If the ru! 
usual connected to earth and also direct to 
rgod +, both inside and outside will be found 
10 inner charge will be equal to the — charge 





Further, if we 

mm the conductor, the rub- 

and 6 not connected 

at all, we shall find that 

its inside is in a —condition and its 
+, and this outer charge will be 

in quantity to that on a, and yet 

the outside and inside are in 

intimate motallio contact, those two 
ities will not ro-unite as long ax 

is maintained upon a; hero, b 

same conditions as the pail 

‘This ix a simple matter which the 
text-bookn render mysterious by the 


are at thix same potential being tho fact 
that the current does not pass; this 


in 4 circle is unnecessary, and 
the use of the idea of potential here ix 
misleading. If it wero said that there 

i poe between them it would be merely 
& roundabout way of saying that the opposite charges on the 
pelembebong to two entirely distinet circuits having no relation 
of ial between them at all. 

4 the cireuit is internal, by charge having been given 
from the two poles of an ingulated source, there is no external 
evidence of the presence of electric charge. There is no reason 
why thoro should be, but an elaborate explanation of the 
natural necessary fact is provided in the mathematical theory. 
Ax the action of charge upon a sphero is the samo as if it were 
woncentrated at the centre, § 93, it is argued that the + charge 
‘op 4, wud the equal — charge on tho inside of b, having equal 
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opposite actions from the common centre, neutralize each other's 
external actions, 

gt. Levpew Jan—A little consideration will show us that 
the conditions of the Leyden jar are identical with those of the 
two spheres of § 90, it is a mere substitution of cylinders for 
sphores, and of glues for air: we may therefore examine some 
important parts of Electrical Theory by aid of theso familiar 
instruments. 

According to the mathematical thi of olectricity, current, 
&o,, discharge, &c., are due simply to difference of potential, the 
actual position of the two points on what we may the 
“scale of potential” having no influence. When the word 
“potential” is used by itself it expresses the difference of 
potential from an assumed zero, usually the earth. Such a 
scale of potential is analogous to a vertical column of water in 
which different pressures may be obtained at different heights, 

‘The same effect will occur between two points in an electric 
cirenit, whether those points are at-++- 15 and + 5 potential as 
regards zero, and though both of them havo free + charges, a& 
would occur between two pointsat -+ 5 and = 5, with equal free 
+-and — charges. The facts are, of courses, true, and for somo 
of the purposes of calculation, the theory has its advantages, 
But the theory is not true as a fact of nature, The water 
analogy itself disproves it; the column of water below the 
pone at which current passes is inert, it is mot in the cirewit, 

jut further, there is no such thing as a — pressure in the 
column of water except in view of the arbitrary zero, the earth 
surface; the real pressure is always -+-, always in one direction, 
and is related to the centre of the earth. It is the same in elec- 
tricity; there is no actual + and — (as in the old fluid theories), 
these merely represent the relations of opposed sides in the 
individual circuits alone: the same point of space may bo + to 
one circuit and — to another circuit, but these two cirouits are 
wholly independent ; the idea of a common scale of potential is 
purely arbitrary, artificial, and delusive. See § 77. 

We may take the two supposed jars (15 + 5 +) and (5 + 5 —) 
and join the two external coatings together, no matter whether 
they be both 4- or one +- and the other —, and we may then 
connect both to the supposed zero of potential, the earth, with- 
out producing any effect upon the charges, 

To meet this fact the other artificial doctrine of bound eleo- 
tricity was invented, and this is dealt with § 89. But the jans 
in this case are exactly analogous to two distinot galvanic cells, 
which may be combined and connected in exactly the same 
manner without producing current, as long as the other poles 
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Static Exxoracrry 


Lad arp 
wtored in a dof force, 
a4 atrost in a dielectric. 


Indwctive Caractrr 
Area of dielectric. varices os 
ind. ity of di- of 
Spec. rh ap r) Specific conductivity. 
Thickness. invorsely an Length. 
Unite of Charge stored Unita of Current trans 
Under toil Potoutiate i casured by { Ti er unt EM, 


‘Tho Potontial in Volts —s ‘The EME fn Volts rp 
‘required for unit Change, ¥ quired for unit current 
Traluotioe Reswrasce Conduction ] 
cereal tole } ia the { Sale Sea q 
Cuaner Exxornio Ovanmrr 
Potontial, in Volta, ins { Bate ae 
Reaistanoe, inversely as Resistanoo, 


Lines of foreo under { is related to and de- | Lines of equivalent mote 
tres, pendent on oules forming chains 


Tnvertely as tho several {divides among several | Inversely aa the several 
resistances, obrowits } ‘itancon, 


Exxnoy, on Wonk 


of ii it ‘ 
Soemianae | va _-{ Oran 


Charge z=a 
Potential QxR=E 


Resittawce gra 


forms # connection to the space and the medium occupying 
therefore the expression is often qualified by the statement, 
“provided it is at a considerable distance from i 
surfaces.” Readers who have po peshant preoeding explana- 
tions will understand that a sphere has no capacity at 
considered by itself, and that any statements referring to the 





Fekantat the electric quanti to raise 
tot by quantity necessary 

Asphere of one centimetre radius is taken as 

of capacity in the centimetre-gramme-second aystem of 


Oo bhatt tan 
‘a sphoro acts externally as though it were located 
Baeecutie tee Bee § 90. 
(6) Concentric spheres have a Sty ty aa on the rela~ 


tive radii r, measured by the formula © % "in which is the 


sphere. The rationale of this Secale ia that it represents 
era lle to the product of the two radii, and inversely 
to the of the dielectric, which is the difference of the 
saat Noy, if the inner sphere is a small ball, while the outer 
distant surfaces, a moderate increase of the 
bls he does not much affect the thickness, or distance, 
so that the capacity varies nearly as the radius of tho ball as in 
cee Key te ihe ¢ two spheres are very close, their radii only 
formule by the corresponding surfaces, and the 
fen es element is me thickness of the diclectric, and the 
the same as in (c) and (¢). 
Spe ha eal hy fins Sprite inductive copncity of Ga 
im Ive Ca) ity 0! 

inclosed between the two spheres. 4 
such as Loyden jars, or submarine 
apacit dent upon their length and their 
; that is to say, really upon the efficient thickness of 
the inclosed dicleotrio, and also upon the sp. ind. cap. ‘The 


formal ix K = joe, in which K i tho inductive capacity; 


ad 
& the wp. ee I the length; D the outer 
een, the inner. ‘Tho same formula furnishes the 
r of cylindrical batteries, jets the log- 
the eyli expresses the internal resistances, 


ais san ceany form the formula ig K = ro 
will be instructive to comprehend the 
ae ‘+ being used in all formule for he gat play he 
55) Js the case of a sphero the constant ratio of the 
surface density is 47, and this is connected to the 
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with 
the imaginary sphere. = 

(¢) The formula can, therefore, bo simplified by bmeas 
from abstract mathematical Sos tiie to practical conditions, 
by using unit dimensions and values. If wo take one square 
foot as unit of surface, and one mil as unit of thickness, usi 
the sp. ind. cap. of plates of those dimensions, the formula 


Veoomes K =k 5, and furnishes the capacity in microfarads; 


k in this case is the unit value in Table L p.8:. In this casa 
the thickness of the dielectric, represents the infinitesi 
difference between the two imaginary radii, and therefore the 
cha ifs Seely ay the seine, although Baie to 
which it is attri vary a8 the squares of tances, 
reckoned from this ideal centre, il 
4. Dizvecrrics—All substances possess two in 
relation to electricity; all conduct electricity, but with very — 
different facility : all offer a degree of resistance to transmission, 
and Se @ certain ES nhes resistance and this 
ae to stress are not identical, nor even tionate, 
yet they ee some relation to each other; pat which 
undergo atress and retain the strained condition when the 
iting force is withdrawn are called dielectrics, and the 
Fenty of receiving this stress is called inductive capacity. See 


1 15. 

(@) Iaductice Capacity or electrostatic capacity is measured in 
“ microfarads,” and ific inductive capacity is the degree of 
this property by specified or unit dimensions of each 
particular substance. Inductive capacity varies with tem 
ture, and is generally reduced by heating. It is connected aleo 
with tho relation of substances to light, for the specific induwetive 
see ear lanes is as the square of their refractive index. 

(6) Resistance of dielectrics follows the same laws as in con- 
ductors ; it varies as the thickness and inversely as the ara; | 
each substance has its own specific resistance, but in diclectrics 
it varies inversely as temporature ; it is measured in ms 
(million of ohms) on account of its magnitude, as com with 
that of conductors, 

Guttapercha is usually measured a 75° Fobr. a8 unity, and 
its specific resistance may become (according to Wsagiey 











J 





Smith) 23°6 at 32°, and be lowered to +2233 at 100°; but other 
are also given, and no doubt much depends upon its 

‘Tho resistance of 1 mil-foot is 1066 mogohms. 
bor varies in the same manner, but to only about 
one-tenth the amount; and the resistance of both increases 
with pressure. Its resistance for 1 mil-foot is 20,770 meg- 


i¢rcod when a powerful change is concentrated 

aes by moans of pointed conductors; such breaks 

zigzag line, following the points which offer least 

or which have least sepeclty for stress, and the dis- 
10 


ge may break off into several 

({e) The act of charge alters the dimensions of the dielectric. 
If a glass tube is Allee ith water, aril spark led into it by 
the water acta momentarily aa a dielectric, and the 
act of di shatters the glass to pieces. The expansions 
and contractions which occur in a condenser are such a8 to 
enable audible sounds to be produced as ina telephone. When 
a transparent dielectric receives a charge it is found that the 
arrangement of its molecules is altered, so that it acts differently 
with polarized light, just as is the oasc when the magnetic field 
is formed in a nt substance, and tho dogree of change 

produced is al to the square of the electric force. 
v) When a current is passed into a dielectric, there is ut first 
a rush, and then a slow, continuous flow, due to two 
causes. 


1. Leakage, as it may be called, which is the true current, 
due to the actual conducting power of the substance, or to any 
defects, such as the cracks in the guttapercha covering 


‘The dielectric appears to continually absorb the 
ws thou, 
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‘When a condenser is discharged, a corresponding current 
® juced ; first a rush, then a slow, conieciidi sorted 
which is the “ soakage” coming out. 

(hk) It is possible even to send in successive reversed changos, 
which will follow each other into the maas of the dielectric, and 
will return as currents of alternate direction. This, also, ocours, 
in long cables, into which successive + and — impulses may 
follow each other, and appear as siguala at the distant end, 

(@) Reeiduat charge is result of this action. On discharging 
a jar or condenser, the principal ion of the charge—that 
which io due to the first rush in charging—is instantaneously 
given up; that which would maintain the small current 

ually distributes itself over the mass of the sul 
and after a time a freah discharge can be obtained, or 
saccessive ones, each fainter than the preceding one. This 
residual charge affords evidence of the state of stress existit 
in the substance: if it is allowed to escape as a very 
current through large resistance and a reflecting galvanometer, 
the spot of light returns slowly towards zero as the charge is 
given up; but if the Si be tapped, it flashes across the 
scale, owing to the sudden di ‘This action is exactly 
what occurs with » strained bar or spring. 

(ik) For oo: ee Cael sa eet useful eee is one 
possessing high resistance ig! ‘ity. For telegray 
cables, hig resistance and low capacity axe cada en 
tho a! charges effected at of current are the 
cause of “retardation,” and limit the working power or rate of 


etn 2 
be ea as to the properties of particular diclectrios 
see also § 97. 

95- RaTAaDarv0 —When » conductor and a dielectric con- 
stitute derived circuits to cach other, the ordinary laws of con- 
duction are modified by a ciple which distributes electriaity 
on all the paths open to it: if the two poles of a battery are 
connected to the of a condenser having a resistance of | 
many megohms, and also to a closed wire circuit of only a few 
ohms resistance, the current will only flow in the latter in the | 
same proportion as the condenser is charged, and the dit | 
of the condenser at a break of circuit acta a counter EMF, 
resisting current on fresh make of circuit. When the condenser 
is charged, it no longer affects the wire circuit. This is what 
happens in a cable; the charge of the dielectric must precede 
the transmission of current, and the actual current transmitted 
is @ rising one, due not to the electromotive force of the battery, 
but corresponding at each fraction of time to the potential to 
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i the condenser has roccived its charge : as a consequence, 
iH power needed: to affect instruments is only gradually 


|Srectric Dxovortye Caractry.—This is the relative ba a 
ih wubstance to that of air in the same dimen- 
dry air being for the standard, as water is taken 
2e standard of ific gravity. Faraday took up tho 
it in his practical way, using a condenser composed of 
there inclosed i [Ech i eyelet 
stop-cock by which the dicloctric could be exchanged. 
ee nciplo with Fig. 26, p. 73. He 
ee of the same size, one con- 
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ig the reduction of potential resulting from the 
the charge. Other experimenters have used flat 


5 
a 


Tass I. 


Later determinations. 


Boltsmann.| Gordon, 











88s 


Sg32 00011 


5 
Bi 


Guess 
° 
£ 

















7 
; 











| 


82 STATIC OR FRICTIONAL ELEOTRICITY. {57- 


lates of measured distance, and availed themselves of tho 
dolicate modern electrometers ; but the real values are even yet 
very uncertain. A full account of the determinations as yet 
published will be found in Gordon’s ‘ Treatise on Electricity 
and Magnetism.’ Specific inductive capacity is frequently ex- 
pressed as that of a cube, but for practical comprehension, the 
most convenient form is thin plates as given in Table L, in 
which I have collected the most reliable and useful parti 
The value k can be calculated for any substance by multiplying 
that of air 0'0323 My the sp. ind. cap. of the substance. 

7. InsuLating Mareetats.—Tho following are some of the 

aces most useful in a i 

(a) Aabestite is a compound of asbestos and hydrocarbon, 
which is capable of being moulded into cells, &o., and can be 
worked in lathe; it is not possessed of great mechanical 
strength, but can be used for Geri sae! pele afis ae 
appear to precipitate moisture, resists the creeping of salts 
which ig 80 enblcesn in battery and other cells. 

(b) Hbonite has powerful insulating and dielectric properties, 
but air and especially ozone react on the sulphur, and render 
its surface conducting, § 46. When warmed it goftens, and can 
be bent into any form, which it retains on cooling. It is about 
the strongest of all electric exciters. It has found to 
transmit some of the rays of light and heat, and has been 
utilized in some of the remarkable experiments in radiophony 
which will be described farther on. Ae 

(c) Glass varies greatly in its propertics, seo Crystal, 
panitoe much lead, ‘are bad insulator, and all dns conduct 
when hoated. For most electrical uses the German glass is 
superior to English, see § 23. 

d) Guth is used in very thin sheet for biter 5 and 
in coils, but fined paper replaces it: its porosity and absorp- 
tion of fo tnds great defects for general uses, Asan insulator 
for wire it fails when exposed to air, because it oxidizes and 
becomes brittle ; but when it is entirely under water it improves 
and appears practically indestructible. 

(e) Insulite is » now material prepared from wood, cotton 
waste, and other forms of cellulose, which is said to be a 
non-conductor and impervious to moisture and acids, and whi 
being capable of moulding into any desired forms, will prove 
cheaper and more durable than guttapercha and ebonite, 

Ozokerit is a mineral substance, which by distillation 
yields a material closely resembling paraffin, and a piteby 
residue, which is largely used for insulating wires, by sntn- 
rating the cotton covering. Its inductive capacity appears 
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was nocessarily the earliest opinion, and is also the basis of the 

mathematical treatment: this doctrine would involve 

i , $110. On the other hand we may consider : 

lly calgon to. Ceetis eae eae 

combined action of the two poles, and im 

po But there Me ontatniyie eeaee in ake boli action 
the two poles or #0 called clectricities: if a discharge bo 

passed through a card by pasting upon its two sides poimted 

ivces of tinfoil with their points not quite opposite, there will 
a burr produced on both aides, indicating that the force i# 

not a penetrating but a pulling one, acting ty from 

é¢ach pole; but hole will be much nearer the — or negative 


Bnt the principal evidence of this difference is found in the 
appearance of the discharge itself; thus the positive pole tends 
to produce a brush discharge, Seely spreading, while the 
aed tends to a bright concentrated star form. The 
is 


in Fig. 27. 
Fio. 27, 


‘The appearance is modified by circumstances, such as size of 
the terminals, and their form as balls or points, and 
consequent relative densities, and lines of force, but still 


itive. So with the star: if a pointed wire be approuched 
me lange ball, a star forms on tha pont in both cases, beaanse 
it concentrates ai molecular “ea Lr if the ball be +, the 
star continnes till the point is close to it, only becoming brighter; 
but if the ball be =r esithe point sppepachas ti star turns to 
Bee ine Tec cf edettin| techie 1 important 

. One feature of electric ge is, however, 

ES aitisa: because it is intimately conepae with the th of 
olectricity; it isalways attended with either mechanical n 
or molecular disturbance, Thus as a general rule, when 
discharge is occurring there is a stream of air from 
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on paper with the ends slightly 

pressed between two non-conducting 

to the direction of discharge, it will be 
tal is detached and spread in minute particles 


Aue 
irk 
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colour of the spark is modified by the nature of 
giving it, each metal imparting its own colour; and 
is examined by the spectroscope we find evidence 
i electricity itself passing in a visible form, as is 
occasionally suggested by those who believe in the actual 


EF 
iB 


occurs, eon with others due to 

of matter floating in the air: the spark consists 

of the matter which it traverses and renders 

a The leash of apark depends the diffexes f tial 
101, on t] i mee of potenti: 
between the dinchangng all: but not according to a definite 
case of currents; that is, the distance 

eee ‘Tho fullest information we 

pee is derived from careful experiments by 
Rue with a battery of 14,409 chloride of 


de 
4 which are described in a paper to the 
and reprinted in the Blectrician, vol, 
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With 11,060 colls or « potential of volts 11,330 spark of o- 62 
inch was obtained between points, and below that force it was 
found that length of spark varied as the square of the potential 
(which is as the force, § 74). But with discs and other forms of 
electrode this relation does not hold. Upon these data it would 
require a potential of volts 3,604,000 to produce a lightning 
flash of 1 mile in length. 

102. Diminished preasure of air lengthens the spark in the 
inverse ratio of pressure: but Sir W. ‘Thomson and Mr. Gordon 
find this holds only down to @ pressuro of 11 inches of meroury, 
What ia to say that “greater EMF per unit length of air is 
required to produce a mark at short distances than at long,” 
or according to Mr. Gordon, “at low pressures than at high,” 
Both observers say that “it is difficult even to conjecture an 
explanation.” However I will venture a maestisa: Probably 
the particles of air are attracted to the two balls and held there 


in denser strata; certainly the lines of force concentrate wy 
the balls: the greater the distance apart the less effect thi 
concentration must have on the total resistance, and therefore 
this may be expected to form a curve dependent upon the ratio 


the denser portion of the field bears to the total length of the 
field of force and line of dischargo. 

At a pressure of about 15 inches the spark discharge tends 
to pass into a brush which fills the tube; and as the pressure 
diminishes the phenomena to be observed in “ vacuum” tubes 
are developed, while the colour of the light and especially the 
eo it generates, are those of the gas contained in the 
tu 


103. Doravios or Sparx.—In 1834 Wheatstone employed an 
ingenious apparatus (on the same principle as one of the modes 
for measuring the velocity of Bight) to measure the time 
oceupied by an electric discharge, and also what he sy 
was the velocity of electricity, ‘The principle is 
many useful applications. If an object is seen reflected in m 
mirror it is seon in its true proportions, Le. a point of light will 
be seen as 4 point thus + If the mirror is so mounted that 
it can be moved rapidly on an axis, this point will be seen in 
the mirror as a line thus . But if the point of light has 
an existence so momentary as to answer the mathematical 
definition of a point no velocity of motion will its 
reflection from + to ——, andany such Hoes ition be 
proportionate to the actual duration of the light itself, and 
therefore such duration will bo calculable from the 
motion of the mirror while the —— is visible. By this moans 
4t was ascertained that the duration of the actual discharge of & 





necessarily Vas 
conditions of neutralization consist in closing what in chemistry 
would be the open attractions (§ 9, Figs. 4 and 5) by which the 
molocules are constituted, It is from this starting-point in fact 
that tho two treatments or conceptions of nature of 
electricity div 

106. Ponan jons—All the known facts of i 
show that it is a dual action. All the theories—the two-fl 
the single fluid +-and —, or the molecular theory, which 
considers the two electricities, or rather electrifications, as 
merely the two sides or ends of polarized matter—agree in this. 
But the mathematical treatment is based upon ai and 
independent actions; this is the meaning of that theory of the 


earth's action, either in the generation of electricity, in i 
tion, or as return conductor, which regards the earth as a 
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or reciy Ly, of least resistance, and, therefore, if there be a 

conductor in the line, that becomes the shortest path, and 
is represented by the thick line between +- and —. this 
line the constant charge and discharge, or molecular inter- 


Fin, 29, 


actions, which we call current, is propagated. But the external 
induction is maintained us a condition of static stress or tension, 
and constitutes the inductive circuit around the conductor, 
taking o static charge corresponding to the forces exerted at 
each point, and the capacity of the medium. 

109, We may therefore consider this inductive process as m 
kind of search for the point of union, and as preceding the 
efail guneration of sist oan be truly called eleaisinity. glia 
we remember that the inductive propagation has a velocity of 
185,000 miles per second, § 104, it is easily understood that even 
though the circuit has to be developed (asin ee a path 
of several thousand miles, the formation of the boginning of 
curront, § 95, is instantancons, especially as the inductive cireuit 
really starts from two adjoining surfaces and can spread, not in 
fall circles, as in Fig. 28, but in gradually advancing arcs 
similar to the dotted lines of Fig. 11, p. 27, which we can 
conceive as rapidly running along the cable, of which for this 

tion we can consider the molecules a as representing the 
conductor and those of b as the sheath. 

tro. Uxtroran Discuancr.—There have been many instances 
brought forward to prove that electric action can occur from 
one pole alone, but these are all equally consistent with the 
dual explanation: it is however certain that electricity has 
different actions at and from the two poles, which differences 
are manifested in forms of discharge, in greater heat at one 
electrode than the other, and other instances which will be met 
with: these differences are embodied in the idea of a direction of 
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CHAPTER III. 
MAGNETISM. 


111, The of this chaptor is not to treat of tig 
and its arene their tite account, but only to deal with, 
them so far as they are connected with or throw a light upon 
electricity. Further information will be found also in the 

on Electro-magnetiam. > 

magnetic property of a natural substance, ferrosoferrio 
oxide F,0, or Fe O + Fe,0,, known as the loadstone, was dis- 
covered in early times from its power of attracting and adhering: 
to iron, It was afterwards discovered that the loadstone im= 
parted its powers to steel, and that masses of steel thus acquired 
& variety of peculiar properties besides that of merely attracting — 
iro 


n. \ 
‘The first striking property is a directive ‘ich a 

bar of magnetized stecl always places itself in al posit 

with ono ee paastg towards the north; the next is 

when two such bars approach each other, two of the ends 

attract and two repel cach other, instead of displaying & 

constant attraction, us with iron. ey 
112, In examining these properties we find that the force, be 

it what it may, which is acting, is concentrated mainly at 

two ends of the bar, towards Ykich the holding power on iron 

is greatest; thus, if a bar magnet be rolled in a mass of iro 

filings, these will adhere to it in the manner shown in Fig. 30 


Fre. 30. 


if it is measured by the actions on a suspended needle, # 
Fee ead roeltonsatically by a corre manag 1 
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active as magnetio force, and are themselves capable of retaining 
that condition, and transmitting it afresh. > 

The forms or curves which may be obtained in this manner 
“eGo according to the position of the several poles in 
a : they are in fact formed upon precisely the samo 
principles as are shown in Figs. 20, 29 render visible in 


magnetism the lines and fields of forco which oan only be 


perceived by the ination in electricity, 

114, To nisestant ihe magnetic condition, wo must examine 
the magnet itself. Thus far we see in it a repetition merely of 
the olectrified cylinders in Fig. 24 with the + and — charges — 

If, however, we 
| 





powers of which are reduved. We may eapeet this & 
‘an unlimited extent, till we convince ourselves that 
ic power resides in every minute 
magnetism is a force belonging to and residing 
of which the magnet is composed. ‘This view 








thorough ly. re seer and fi 
every possible question as to repent 
currents, the action of helices, galvan ciate 
mangnet will always place Sea at cies oe to pont 
cule (forming of course Ss poaiee chain), with its 
north end to the left han Miokng the molecule itself, so 
that the arrow or magnet N 8 is supposed to be on the farther 
side of the molecule. There is, however, no trne directive foree 


larization. Thus, if the molecule or 
fe suspended needle be carried round it 
the needle bait retain the samo relative direction to the mole- 
cule, but will make an entire revolution on its own ee ite 
extremities will point in turn to every direction, provided the 
directive action of the earth is neutralized, as by a fixed 
lg magnet. 
Fig. 35 will illustrate this, A shows a section of a conductor 
carrying current, or of the molecule in Fig. 34 with its radial 
lines at right angles to which external magnets will place 
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thomselves. B represeuts a filament of a magnet such 
shown in Fig. 33 which conveys correct idea of the 
polarities in successive sections, while © exhibits the o 
polarization in these sections, which is the prol 
eause of the magnetic forco: the arrows show the Ae 
a current which would set up this polarization, and g 
the N 8 magnetism shown. 

By aid of these figures the student may realize the 
usually Lada since Anper, devised it in order to fix on 
memory the relations of magnets and currents; for let 
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takes ion of all Ampére’s work, and adopta all the facts 
and ail the mathematical problems and proofs based upon them ; 
all of these are unaffected by the substitution for the assumed 
circulating molecular currents, of the conception of the polarized 
molecule aos lisjempter upon Rie toe erage 
and arrangi: in systematic wr. Fig. 37 
ata pistes Pot the sehen and differences oe the two 
theories. N shows the molecules retained as a polarized chain, 
analogous to tho conditions of static electricity, and it shows 
how an electric current tos this 
state in a bar around which it circulates, 
The coercive force of tho magnet is due 
tothe resistance) ot: the Sea 
change of lition, «i to bei 
netized or de ized in tho eae 
steel, the molecules of which are com- 
pound, while iron has little power to 
resist either. What gives the molecules 
of iron and steel these properties we do 
not know. But certain - rtics aro 
ap tly connected with the atomic 
weights of the elements, which have been 
classed into groups dependent on numerical relations of these 
weights. A Kussian savant, M. Mendelejeff, has found some dif- 
ference of properties according to whether the atomic numbers 
belong to an even or an series, as to which information 
may found in the second supplement to Watts’ * Di 
of Chemistry.’ It appears that magnetic bodice all belong to 
the even series, and that diamagnotio bodies belong to the odd 
norics, and that as to these latter the diamagnetism increases 
with the atomic weight. 

118. Those who desire to study magnetism thoroughly, will 
find some useful suggestions as to experimental WTI 
by Dr. Shettle to be found in vol. iii. pp. 10 and 44 of the 
trician, His object was to show that magnetism is a spi 
foroe rather than a longitudinal one, but his theory im 
like Ampére's, a continually maintained current of energy, at 
it is difficult to conceive how such a current can be mai 
The spiral order of tho molecular arrangement both as to 
magnetism and clectricity may be almost considered to be 
established by the experiments of Professor D, E. Hughes, whe 

we to the world the microphone and the induction balanos: 

ie has proved that the passage of a current through an irom 
wire produces in it a permanent molecular strain, which if 
evidently of the nature of a twist or spire, the direction of 
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conception of a" field of force” should be 
and replace the old fallacy of a repulsive force 
supposed force is very apt to mislead in many directions, and it 
is well to see that throughout all nature we find no trace of a 
repulsive force, and therefore ought never to ay the idea to 
any phenomenon merely because it offers an exp! iT The — 
action of magnets is the strongest apparent evidence for ihe 
existence of such a force, and this 08 it the more desirable 
to show that no such force is necessary to explain the fucts. 
Fig, 38 will pares the idea of a tic field, in end view: 
Pe ive. It shows the magnetic bar constituted of the 
annular (or spiral) systems of statically polarized molecules as 
in Fig. 37. These molecules manifesting magnetic foree at 
right angles, and their actions uniting in the aerial line of the 
magnet and developing the lines of magnetic force as shown in 
the arrows: the external “field of force” is developed, under 


Fig, 38, 








tho genoral law of inductive action by circles of polarization in — 
aeeerp ite direction to those of the magnet itself; the mag-— 
and 


notic lines of force of these therefore attract, 
lines of force with those of the magnetized 
arrows therefore show the position in which 
would necessarily place itself, because in so doir 
of the second magnet would place themselves 
field. The lines of force of magnetism, 

tend to tho direction of most capacity, 
magnetized or magnetic body enters tho field, the lines of 
concentrate within it, and the external actions are to 
extent suppressed, This is just what happens when an arm 
ture is applied to a horse-shoe magnet. In the case of ah 


form 
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pace around the 
Pea east sin cele of larization in 
of the magnet (instead of reversed as in 
the magnetic lines have to return on them- 
of the armature the lines of force are 
, which becomes itself a magnet forming a 
completion of the horse-shoe: the en: of 
the foros of attraction, and if the 
armature is sufficiently and in very good contact, the 
n have any external action, because its 
self-contained. This never occurs completely 
an armature, because perfect contact ia not to 
but if a hom 


th, at any 
t of its energy 
would be then 


tax. Arrnacriox ann Rervisiox—When tho magnots 
each other they manifest atfraction between unlike 
N and § and ion between like poles NN or 8S. 


& non-m! ized but otic body approaches a magnet 
Seiaeaipatpaaittccto, becuase cingaotion ia edoced ini an fost 
described in true polar order. Ifa weak magnet approaches a 
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is illustrated in Pig. 39 which shows the action of 





opposite poles approaching: the lines of the 
PeecraliDaiSe ort ain =e nlees olaete 
they draw together just as do opposite Se SE at 
one, 
and their forces 


with like poles 
coalesce a 
Fis. 40. 


—, 
ie sion of the molecules of surrounding ai: 
complete its ficld, and therefore the ee 
themselves move in the direction which in- 
volves the least resistance. Fig. 40 shows 
also mete) aa 0 te as be- 
tween 1 and 3 where poles act together 
and each bar acts as the external field of 
the other, 
122. Meowanicauty propucep Firuns.— 
Fields of force such as are shown in these 
figures are not merely imaginations: they 
are capable of being visibly produced by mechanical means, and 
in them may be techy phenomena strongly resembling 
those of attraction and repulsion. The curious vortex 
formed of smoke issuing from an opening in a chamber 
subjected to a sharp blow (and resembling those often moed 
by cannon) are to some extent illustrations of this, for these 
circling rings possess many of the attributes of solid bodies, 
moving a8 m connected whole in space and even rebounding 
from each other. 

Dr. C. A. Bjerknes of Christiania exhibited at the Paris 
exhibition of 188: a serios of experiments in which the motions 
of attraction and repulsion were very perfectly imitated 
means of currents of water. The apparatus i of 
ae armen ie = air-pump which alternatel; 

contracts the diaphragms: to give any intelligible explana- 

tion of the fabaetity ecpecinientta wen ee yee pages, 

but the result is that if two such drums are plowed in water 60 

that one of them is movable, and a succession of pulsations 

aes to the diaphragms, affraction occurs if both pulsate 
bat repuleion ocours if the pulsations are alternating. 





pirate body yee considerin, 
magnet, can possibly express 
It would seem therefore that it is a 

poles of horse-shoo magnets near together; that they woul 
more work if the opening is wide, because when once in con! 
the length of the armature offors small resistance, if it be 
of ea soft iron, while this form gives greater range of 

e force exerted by a magnet holding up a weight 
measured in dynes by payne the weight in grammes 
Gua gravity at the place, which is about 9°81 


124. Maowerizatioy.—Steel may have magnetic power 
veloped in it by drawing a bar magnet along its soveral sur 
faces, always in one direction; it is still better to arrange & 
complete system of bars forming an octagon or square, and 
draw the magnet round and round, always in one direction: in 
this plan the bars may be all stecl, or alternate steel and iron. 

If the operator has two bar magnets, an excellent plan is to 


them with opposite ike together over the middle of the 


to be magnetized, and then to draw them slowly asunder 
to the ends, repeating this six or eight times on each face, 
‘This process is still more effective if the ends of the bar reat on 
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two other magnetic bars with their opposed poles in the same _ 
direction as the moving magnets. Fig, 41 shows this process, _ 
NS being the bar to a magnetized and W of wood to | 
sup) it and steady the lower magnets. is called tho 
method of single touch, and is best suited to thin needles and 
bars not more than a pees in thickness. | 
; ‘The method of double touch may be illustrated by the same | 
are. 
The triangular space between the two movable magnets: 
filled with a piece of wood, and their upper ends connected by | 
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Cast iron will also take anent magnetism ; it should be 
of # quality pao little carbon, known a8 white iron, and 
is improved by the addition of 10 per cent. of steel: it should be 
tempered or rather hardened at a high temperature, and it is 
not unlikely that the best process would be that known as 
“ chilling,” that is casting in cold iron moulds. Attempts 
have been made to magnetize both cast iron and steel by » 
current passed while in the act of solidifying, but the result is 
to produce hollow castings. The moulds may also be in 
a powerful magnetic field but it is very doubtful if result 
would repay the trouble and ex; 

By core in selection of metal, and in magnetizing, bar 
epee have beon produced ‘ing 20 times their weight, 
m ieee cea acl ae wir weight; as to this see 

135-6. 

oo Form ano Annaxcement.—For compass needles, the 
best is flat, tapering from the middle to the points; for 
bar and horse-shoe magnets the mass of material should be 
divided into a number of plates not exceeding a quarter-inch 
in thickness, separately tempered and magnetized, and arranged 
with their similar poles together; they should be insulated 
from each other by sheet brass or cardboard, and bound 
together by screws or external bands of brass, and in some 
cases it is well to terminate the whole by pieces of very puro 
soft iron, shaped as desired, fitted to the end of the bans, and 
wooured to them. 

Very powerful magnets have been made of late from very 
thin steel plates, similar to that used for clock springs, with the 
ends gathered into terminal blocks as just mentioned. ‘These, 
which are called “Jamin’'s"” magnets, are much ased for small 
dynamo machines, fuze exploders, and similar apparatus. 

When several bars are thus united, the total force is never 
equal to the sum of the whole separately, because the similar 

les tond to neutralize each other; in some cases the central 
tan will even be reversed by this action, for which reagon they 
should be the longest. This is the reason, er with the 
superior temper of the motal, and more complete penetration 
of the magnetism, that & number of separate pieces give more 
power than a solid bar of the same mass, as in this the interior 
portions are apt to take reverse magnetism to the exterior, thus 
completing closed ic circuits, and leaving little force to 
be eee extel objects. They akeinee 

128, eRvATION or Maoyers.—They carefully 
handled, and all jarring actions avoided; when not in use 
necdles should be placed in the true magnetic direction; the 
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130. The intensity or force is subject to similar variati 
Seager of position of the poles as js each 
rt of the earth, which at present slowly increases the force in 
land, and partly by the fluctuations in the causes of 
magnetism itself, which probably are connected with periodical 
Sane occurring in the sun, and the maximum and minimoam 
periods of sun spots, and also peers with the srouping 
and ep chee of abe planets. Irregular varia! 
accom) is) of aurora, § 141. 

The fore ieaeuieeed under in heads. 

131. The dip or vertical component is the intensity of the 
attraction with which a perfectly balanced needle is drawn out 
of the horizontal line with its end dipping towards the nearest 
magnetic pole, where it would assume the vertical position. 
The practical effect is that a magnetized needle requires a 
counterpoise to balance this force, if it is intended to rest in a 
horizontal plane, 

132. The horizontal intensity is of the most importance, aa 
in galvanometers the value of a deflection produced a 
current is proportional to the horizontal intensity of the earth's 

mil on the needle at the place of observation, which varies 

mM a maximum at the magnetic equator to nothing at the 
pole: its position of greatest intensity is in latitude 0°, Jeng 
an 101° west, where it equals dynes *3733. At Greenwich its 

ue was 


Dynes C.G3. Metric M.S. 
OMB) ccc ten ces FIG, oe ee 
WB7Z eevee EIGER wee IGE 


9875 eee we EIDE we ews 8 9DFG. 
BERK we ce, oe RBOR we eee hoe 


An approximate formula for ascertaining the value at 
different parts ia given by Biot as ,/1 -+ 3 sin? A, where A is 
the magnetic latitude or inverso angular distance from the 


magneto pole, 5 
nother formula is based upon the assumption that the 
earth is a uniformly magnetized body, or that it acts as the 
magnetized field generated by a magnet at its contre; the 
ees moment, § 135 ives *33092 x sin A, 

he measurement of the horizontal intensity at ny 


roquires delicate apparatus and such observations and 

tions as are beyond the purpose of this work, and therefore itis 
better to refer those who desire this information to works 
going farther into the subject of magnotism, 
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a ml: in fact tho lic moment 0) uni) 
Sitaccs pemind biowien | 2 eee 

The moments of magnots may be compared by thoir relative 
actions as regards another magnet; if wo usc the earth as this 
magnet (and do not need the high accuracy which would take 
into account the varying magnetic intensity of the earth 
itself) the moment of a bar magnet may be measured by 
au ing it by a fibre and counting the time of one 
oscillation or the number of oscillations in a given time, the 
relative moments are as the square of the number of oscillations, 
or inversely as the square of the time of one oscillation. 

Yo obtain the moment in absolute measure a very short 
noodle is freely suspended so as to hang in the magnetic 
meridian over a zero line, The magnet ix placed L to 
this line, at right angles to and in the plane of needle, 
at such a distance that it produces a deflection of only a 
few degrees. Let @ be the angle of deflection, d the distance 
between the centres of the needles, H the horizontal component 
of the earth’s magnetism, § 132, then ml = Hd? tan @. 

Horseshoe mi may be similarly measured if their ends 
are placed on the line which a bar would occupy, and the 
distance measured from the central point between them. 

Among the examples quoted by Prof. Everett, it is said that 
Gauss found the magnetic moment of a steel bar magnet 
woighing 1 Ib. (453°6 grammes) to be 10088 0.G.8. units, and 
that Kolrausch finds that the maximum permanent i 
tion retained by stecl in very thin rods is such as to represent 
& capacity of nearly five times this. This gives ecoonlinie to 
these observers :-— 


Gauss, moment per grammo, 22°24. Intensity, 175 O.G.S. 
Kolmusch ,, ” ” PRES ” a i ” 


The magnetic moment of the earth is “33094 R* and the 


earth’s radius R being 6°37 x 10° centimetres, 
0.G.8. units. 

136. The intensity of a magne may be 
relation of the force to the mass of matter it is charged om, and 
therefore varies ax the ratio of the magn moment to the 
weight or volume of the magnet; thus, if one bar has @ 
moment equal to that of another of double its woight, it is itself 

netized to twice the intensity. The C.G.8. unit of intensity 
is that of a cubic centimetre having unit magnetic moment, "Tho 
earth's magnetic intensity is only -o790 which is ubout "000455 
of that of Gaues's pound magnet, § 135, and therefore 1 volume 


is 855 x 10" 





wi could be imparted to unit volume of 
. Rowland gives the value in C.G.S. units :— 


Tron and steol at 12°C. = 1390; at 220°C. 1360. 
Niokol » 380 


494 5 
Cobalt. ® $00? 


But this is a subject requiring examination, becanse it is 
certain that different qualities of iron and steel acy 
different capecitics as to reception of the magnetism imparted 
4 given or maximum current, and as to the permanent magne! 
force it can retain, § 136. Different authorities give valuca 

from. to ie for steel. 
implies that a magnet is charged to 

capacity of its materials will admit. Under the 
electric current, the magnetism will at first 
am op eraatath Rade Laake time the [ds 

fuces a diminishing growth of magnetism, til 
# limit is reached at which no Av esr -Sate will 
the magnetism. Steel reaches this point sooner than 
But when the magnotizing force is suspended, the 
is lost to some extent, till an intensity is reached 
rmanent (§ 128). Tron loses the magnetism 
ly, though a small “ residual magnetism " is always 
retained. The softer and purer the iron tho more freely it 


eer 
Hil i 


juced in 
ent 
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N end of this second bar be applied, the two actions neutralize. 
each other, and the iron, though in contact with two magnets, 
will have only alight attraction exerted upon it. In this case 
the armature has consequent poles formed in it and the opposing 
fields neutralize each other. The same effect is produced if a 
N pole ap 68 the end of a piece of iron hanging froma 
N pole; the iron may fall off. fin 8 yale aes reer 
instead of weakening the attraction of the magnot and tending 
to draw away the iron, the attractive force would be increased. 
141. Avnonas—These are closely connected with the earth's 
ism, although the exact relation ix not known, They 
aro not infrequently attributed to electric discharges, similar to 
those effected in vacuum tubes, occurring in the upper strata of 
ease. But Be aurora is a ners ioe 8 local phenomenon, 
gh it may more strongly dis; at particular parts. 
There aad evidence that auroras: re Thanifested in both north 
and south polar regions at the same time, while we have no reason 
to suppose that these have opposite electric charges or condi- 
tions, and have very much evidence that electric currents cir 
culate around the earth much as though the earth were an 
electro-magnet ; the reverse action is, however, possible, and 
the currents might be due to changes in the m i 
seems more probable that the aurora is really an illumination 
of the lines of magnetic force: at all events the auroral corona 
always forms around the position of the magnetic pole, and its 
ines correspond to those of the magnetic field: there 
tlaretn' bel some ‘connections; between (tis urora) esa 
mock suns, which are due to a uliar arrangement of ice 
iclea in the upper air: this renders it probable that the play 
of light and colour, and the shifting streamers of the aurora are 
due to the magnetic lines of force affecting the constantly 
ing strata of moisture floating in the air. 

f, Lendstroom of Helsingfors has, said, recently pro- 
duoed natural auroras by artificial means; he raised a number 
of points on the summit of two hills, one of them 3600 feet 
high, in 67° N. lat., connecting theso points to earth at the 
foot of the hill: an aurora was formed rising 300 feet in the air 
and exhibiting the true auroral spectrum. ‘This result, due to 
lines of atmospheric electric discharge, is probable, because the 
aurora does strongly resemble some Lael of electric discharge: 
but this would not diminish the probability that the true aurora 
= heer effect of magnetism rather than of true electric 

isc! 
142, Maaxsric Stonss—These are the constant accompani= 
menis of the aurora, but often occur when there is no visible 
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air, but suspended in a vessel containing a stronger solution of 
iron it acta as adiamagnetic substance. Diamagnetisim will not 
be further entered upon in this work. See § 117. 

144. Before leaving the subject of magnetism, it will be well 
to point out the error of the common conception of magnets as 
inexhaustible sources of force. It is this misconception which 
has led so many to waste their time in trying to devise ‘tual- 
motion machines, of which magnetism was to supply the motive 
power. It has also given rise to many questions as to how it is 
that a magnet can impart force to any number of other magnets 
without itself parting with any force. 

Magnets, like springs, can only exert the power which has 
been put into them : they have no force of their own. In the act of 
magnetizing, whether by magnets or by electricity, a certam 
amount of energy is charged upon the molecules just as it would 
ifeach of the molecules in Fig. 33, p. 94, were a spring which 
was wound up in the act of magnetizing. When the 
exerts any force, it parte with that force; it is to that extent 
exhausted, and the onergy it parts with is distributed over the 
now “field,” or in the armaturo, &c., which has been moved. If 


the armature is a mass of iron as large and heavy asthe 

can hold, the magnet is exhausted; it will no Yooper wiect 
external magnets, &c., or but very slightly. Before the 

net can exert any further force, the Skins energy must 


restored to ita molecules, This is done by removing the arma- 
ture, which requires an exertion of force equal to exerted 
by the magnet in attracting it. 

The distinction is simple, but important; the common idea 
regards the removal of the armature as an exertion of force 
against the power of the magnet, and in some senso this is so, 
But tho real action is tho restoring to the magnet tho force 
which it has given up to its armature, which is effected by the 
molecules themselves so long as they retain the magnetic 
ofp in the act of ho magnet which gives 

in the act of magnetizing, it is not the m: wi 

the force, but the eerey ecpended! in the act, just as in pe 
4 piece of iron with a steel chisel it is not a foree in the 
which does the work. The magnet and the chisel have each 
certain molecular properties which enable external energy to 
produce the desired effect: in the one case of effecting a mole- 
cular arrangement in the steel bar; in the other of destroying 
the molecular arrangoment and cohesion of a piece of iron. 





CHAPTER Iv. 
OALVANIO BATTERIES. 


is difficult to examine the facta of galvaniom 
thoronghly in rogressive order. It appoars best to 
i eeorintng practically the various sources of 
the force, the different forms of battery; but this can only be 
done by the aid of knowledge of a much higher order. Studenta, 
therefore, must at first assume the principles and laws nocessary 
to understand the facts, and return to these again after tho study 
‘of those principles of measurement, dcc., based upon the facts, 
If wo place a piece of ordi sheot zinc in a dilute acid, we 
find that a tumultuous action takes place, the zinc is dissolved, 
eee ew is given off. Another effect is produood 
is set forth when this fundamontal experiment ix 
5 as the zinc dissolves, tho liquid becomes heated. Now 
fact is the ono of primary importance; for with all 
‘Bimilar facts in chemistry, it teaches us that whenever an 
place spontancouily between substances, oncr; 
ly as heat. us examine, though only 
what ocours in this instance, and why it occurs. 
explanation will be found in Chapter VIII. 
pees ie. one even now frequently given, in 
ine poses water, H,0, gives off the hydrogen, and 
zine, ZnO, which is then dissolved by the acid, 
) planation is far more 
acids are substances in which hydrogen forma the 
with a special acid radical; hydrogen, though « 
chemical analogios with the metals, and indeod, 
reason to believe that it is a true metal, and 
ok tho solid metallic state in alloy with some 


and 
which 
stated 
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of taking its place in compounds; 
consideration, say of zinc acting on 
metal merely di the hydrogen 
phate of hydrogen, 4» into Zn50,, 
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146. It is requisite to clearly understand that, besides the 
material elements, energy enters into the constitution of all 
bodies; all possess a specific quantity of what we know as heat, 
and according to the molecular theory, the atoms of which all 
substances are composed are in # constant state of internal 
motion; the amount of that motion governing the physical 
state, as solid, liquid, or and also the Patten) 
relations; even affinity is probably a function of these motions 
and dependent upon the wave-lengths of the vibrations 
to each element, as shown by the spoctroscope; the loss 
motions the nearer the atoms Srpcae and the greater the 
attraction they exert on each r. Hence when what are 
called higher affinities come into action, the internal motions 
ure diminished; but, as a consequence, this motion becomes 
external, active and sensible, instead of internal or latent; and 
thus it is that every act of chemical combination sets en 
free in some form, usually as heat, while every act of chemical 
decomposition requires the supply of energy to re-establish the 
internal motions, or latent forces, or, as it 18 usually expressed, 
to overcome the chomical affiniti 

147. Thus, when zinc is dissolving it gives off hyd and 
heat while forming tho more satisfied compound, sulphate of 
zinc. If wo use a piece of iron it docs the same, though mors 
slowly, but if woe use copper no such action occurs, If we 
place in the same sulphuric acid, copper and zine separate from 
each other, we see gas pouring off the zine and not from the 
copper; but if we permit them to touch, a new phenomenon 
cocurs: the gas appears to issue abundantly from the copper. 
Still if we examine the liquid we find that no 
dissolving, while the zinc is dissolving faster than 
Instead of allowing the two metals to touch within the 
liquid, we connect them by a wire, and we find that this wire 
is suddenly endowod with oxtraordinary properties: if it 
approaches a magnetic needle the earth's directive power is 
Bu) , and the needle no longer points N, and § 8, but 
tonds to placo itself across the wire, and in different directions, 
according as it is above or La if ae yf be coiled round 

jece of iron it endows it with powerful magnetic properties; 
Fe the wire be cut in two, and i ends dipped in ide, it 
produces chemical changes in many of these; lastly, wire 
itself becomes hot. But in proportion as these effects ary 
developed, so does the dissolving zinc generate less and les 
heat in the liquid. Here wo have the explanation of the 
sources of these external actions; there is no creation of em ‘ 
nothing new occurs, except that under the new conditions, 





‘THEORY OF ACTION, 


‘set free by the combination of the zinc takes that form 
we call icity, instead of the other form wo call 
as it was seen occurs with friction, § 17), and is 
of manifesting itsolf by its chomical, magnetic, or 
effects, thus furnishing the three natural divisions of 
dynamic electricity. 
conditions under which energy takes this form are 
t of those pointed out in § 32, but more plainly 
conducting substances os nape iat ere sede 
i ; where ti lectricity is develo; 
chemical action, part of the circuit must be an electrolyte; 
that is, a liquid whose molecules will readily assume the con- 
dition of ity, and break up into two distinct parts, giving 
upenergy in theact, 

‘This action occurs under the influence of the zinc, which, a# 
it attracts the sulphuric radical, turns the hydrogen half of the 
molecule a from itself, and by diminishing the internal 
attractions of this first molecule, disturbs those of others, if 
there be this eerste chain provided along which the force 
can act: if not, hydrogen simply escapes, and the heat is 
at once set free, The action can be traced by the ordinary 
chemical ibols. Zn + H,SO, must evidently first become 
Zo + 80,H,, then ZnSO, +H, The atoms of hydrogen aro 
now is called nascent, and would instantly form a free 
molecule, taking up and rendering latent that portion of energy 
necessary to convert them into a gas; but before this process ia 
comploted they are in a condition of great activity, and eager 
for combination; being surrounded only by molecules the 
nature of which is not changed by tho hydrogen (that is 

compounds), the decomposition is simply transmitted 
a chain of these: molecule after molecule is decomposed, 
and the hydrogen in not set free until it reaches a point at 


which it is powerless to effect a decomposition, and thus in the 
combination under examination it reaches the copper plate 
before it becomes free; it does not do so at all if a reducible 
metallic salt is present at the copper plate, such as sulphate of 
copper, it then eee the copper, which fixes i in turn 


the superficial molecules of the metallic plate, to which 
izing force is transforred; in fact, that action occurs 

tworbs the least amount of onergy. 
149. These two 
of batteries into: 
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in which two liquids are required, kept apart by a porous 
350) Before examining these forms, it will be as well to 
explain some terms as to which there is apt to be somo con- 
fusion. As the action commences at the surface of contact of 
the zino with the acid, the zinc is called the positive mefal or 
element: and hence the order of polarization originated there 
in the liquid is such that the positive or + ends of the 
molecules are turned from the sino, and consequently all the 
yep re which me the as radicals, i w towards 
it, is also corresponds with the terme of static pe ity, 
and shows the wire united to the zinc plate and called 
pole, in the same electrical condition as the rubber of a glass 
olectrical machine — or negative. ‘The action ing through 
tho liquid to the copper or other collecting Bees polarizes its 
molecules with their — ends to tho liquid, and their + or 
positive ends towards its wire. Hence wo have the zinc, the 
positive metal, plate, or clement, but its wire, the negative or 
— pole; the copper is the negative plate or metal, but the wire 
proceeding from it the positive or + pole. Fig. 42 shows this, 


Positive 





no 


XOS 5 
overcoming the chemical attraction w: thin’ the plese 
this latter also involves two separate actions ioe actual 


itera re athe of bat hile th 
CO teries, while the y 
during the ee chs an 42 ARS verge 
ig the source of tho eloctromo' 

151. That eo condition or comet or strain tending to 


ly docs eet is manifest, because although 

Steet can only happen when the whole chain is 
materiale yet the stress tending to 

its exists unas a as in the cases studied under static 
electricity. If the two wires are connected to a delicate 


erators there are general principles 

Bowe and values of “each form. 
ones, consist of two dis- 
neg the pear or collection of energy from 
the application of that energy to effect the 
purpose, and this latter is divisible into two partes that 


ig want of understanding it costs this country many 
every year, meer eae that is true pecier tan work- 


‘ing, consists in obtainin; jeceasary energy at the lowest 
Seer avoiding all de in applying it when obtained, 
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Thus, in ordinary mechanics, it is necessary to select the 
cheapest fuel, the best furnaces and! boilers, then to avoid lows 
of heat in the steam-pipes, or undue friction in the engine and 
connected machinery: at every stage there is room for a wise 
understanding of principles, and a due application of them, 
Electrical operations are perfectly analogous and require similar 
attention. The battery or other motor represents the boiler 
with its fuel, the conducting wires replace the steam-pipes, and 
the work to be done and a) paratus for doing it are the analogue 
of the engine and the machinery it may drive; while the steam 
itself, with its capacity for bearing pressure, and thus conveying 
the enorgy derived from the pane of the fuel, strongly 
vesombles the clectric “current,” with tho various tensions 
which set it up and givo it power, 

153. Weare thus led to the three fundamental expressions 
employed in the laws of electricity known as Ohm's formulm, 
viz. electromotive force, resistance, and current. It is upon a 
clear understanding of these, in a perfectly definite form, in place 
of the confusion of the old vague terms ‘quantity and inten- 
sity,” that sound and economical working must be based. 
full explanation of these terms must be studied in the chapters 
devoted to each of them; but a slight definition is given 
(§§ 168-170) sufficient for present purposes. 

154. In practical operations we weigh and measure substances 
ax to their quantities by pounds and pints; but for er: 
purposes, if any real know! lolz is desired, we must dismi 
pounds from our consideration, because we must go to nature 
for our knowledge, and nature employs no pound weights in 
her operations ; she uses only atoms, molecules, and equiva- 
Jents, as defined $§ 4-11, to which definitions we must now 
add individual exactness, that is to say, we must consider the 
quantity of matter which nature puts into each of her atoms, 

at is, the atomic weight and the valency (§6) of the atoms 
of each element; for the relation of electricity to matter, its 
passage through, and its effects upon, various substances are 
absolutely linked to, and wholly dependent upon, the atomic 
weights of the various substances, upon the valency of the atoms, 
and upon tho conseqnent construction of the molecules of each 
distinct substance, §9. This grand truth of nature is com} 
obscured by the usual mathematical treatment of the subj 

155- Gravitation acts upon matter according to its mere mass 
ees relation to its nature; or, more truly, weight, our 
measure of the quantity of matter, is an expression of gravita- 
tion; but heat, electricity, and all the forces which act within 
matter, rather than externally, have a selective power; they 
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type or skeleton of matter as related Cac the giving 
to this such a definite form as shall enable actions to bo. 
understood. Thess two constituent radicals are variously named, 
as— 


+ - 
Electro-positive Electro-nogative 
aid Chlorous 
Cation Anion 
i Acid 
such as— 


i Chlorine 
ie Sulphuric radical. 


Some substances act as cither radical, according to what they 
are united with, but in the electric circuit the radicals belongin| 
to the first column turn towards the negative face or plate, oad 
‘the second column towards the positive face or plate. 
‘The two radicals are held together in a twofold manner >— 
(1) By the valency of the radicals themselves: § 6. This 
constitutes the several classes of monobasic, bibasic acids, &o. 
2) By the specific energy of the individual substance, 

‘of these bonds has a distinct electrical relation. The 
first governs what is called “quantity,” and its actions; it 
oe what has _ te the “equivalent of electricity.” 

9 second governs the erated, or ni to enal 
tho current to pass when dseee prultica has to beeen ae 
is tho basis of tho old ideas of intensity. A purely mechanical — 
re tation will fix these ideas, but it must be remembered 
that this alone is its object, not to give a material conception of 
actual molecules. 

Let us, then, typify the molecules as consisting of two 
held together by spiral spring the number of the 1 
corresponding to the valency of the radicals, and the of 
the sprin; wath ate to the apecific energy of the 
compo! We thus get :— 


Fio. 43. 
1 2 s ‘ 
() &) GD ¢ 6 
But cither the one or other of these single radicals may be 


replaced by separate atoms of single valency corresponding 
im of Fig nee 3, 8 shown in 4. -Thus Type 1 represe 2 
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have drawn up Table V., §!251, which is used in the caloulations 
wep tae BALE eee Ste b; chemical acti 

165. The era @ chemical action depending 
on the degree of the affinity "ay work in that action, that 
geoerating substance is best which has the greatest attraction 

the radical of the acid, but practical considerations limit us 

to iron and zinc as the cheapest; both, however, have the 
drawback that they maintain their action whether we want the 
force they can give us or no; pure zine is, however, 
slightly acted on, except when the conducting cirouit is clonal 
while ordinary zinc is continuously dinolved, ‘The season GE 
this difference is by no means clearly known, though itis usually 
attributed to the presence of foreign metals setting up little 
local circuits : ea; therefore, this waste action, which com 
tributes nothing towards the generation of current, ix called 
“local action.” It has been discovered that common zinc, when 
amalgamated with mercury, is not much acted on, and thia 
seems to render hed rere somewhat doubtful. However, 
4 well-amalgamated plate is ecarcely acted on in dilute sul- 

uric acid, but the presence of nitric acid, or metallic salts, 

oes away with the protection, which appears to depend chi! 

on the adhesion of a film of hydrogen gas to the surface, whi 
prevents contact with the liquid. When the circuit is closed 
tho hydrogen is transferred to the nogative plate, and the 

tection 18 removed, while the conditions of di bring 
fresh actions into play. Amalgamation also renders the zine = 
better source of electricity, as it is more positive than ordinary 
metal. Zino should always be well amalgamated for uso im 
cells with acids; but it is of less consequence in presence of 
saline solutions. 

162, Amaroamatiox.—Care should be taken to use only pure 
mercury; much of that sold contains lead and tin, which are 
mischievous. The mercury should be kept for some time in & 
bottle, with dilute nitric acid over it, and occasionally shaken 
up. To amalgamate zinc, wash it first with strong soda, to 
remove grease; then dip it in w vessel of water containing ane 
tenth of sulphuric acid, and as soon ak strong action takes place 
transfer it to a dish (such as a soup-plate); pour meroury over 
it, and rub it well till a bright silvor-like film forms; then sat 
it up to drain on edge, and before use rub off any globules 
which are set free, Whenever the zine shows a grey 
surface (or rather before this) brush it well and mate, 
remembering that saving of mercury is no economy, and free 
use of it no waste—for it may all be recovered with a little care. 
Keep a convenient sized jar or vessel solely for washing zines 





aday if in regular use; the fibre brushes 
coarée nail-brushes are excellent for these 
must not be left soaking with acids. 
for a time and then transfer it to a 
with sulphuric acid first, and then with 

ou will recover the mercury; or the 


from an iron retort into water. 
zine should always be used in preference to cast. 
very hard to amalgamate, and has less electro- 
but for rods for use in porous jars, and pare 
ith saline solutions, cast zinc is very commonly 
is case, great care should be taken to use zine 
removing any parte with solder on them, and using a 
a8 a flux, which will remove a portion of the foreign 


sheet zinc, from ono-sixteenth to » quarter-inch thick, 
Suitable for cylinders and plates, costa about 4d. per pound. 
The simplest way to cut it to size is to scratch a groove with a 
steel point, such as a bradawl; run first acid solution, and then 
peony, elms, this groove, and allow it to penetrate; then 
process on the other side, when the metal is easily 
it may also be cut with a handsaw, Zino possosses t 
i eee of Lena with a moderate heat, so that 
‘and brittle as the metal is, it can easily be bent up into 
cylinders, if held in front of a good fire till too hot to 
with the naked hand, and then bent round a piece of 
or 
Scurnvrc Aciw.—This is the most important excitant 
ordinary batteries. Real O.V. oil of vitriol has a specific 
of 1°845, and contains about 99 per cent. of the true 
yi },); it is of a clear colour, and hasan oily appearance 
acid always meant when sulphuric acid is spoken of, 
oil of vitriol is the ordi: uct of the chambers, or 
boiled in 8, and contains varinble quantities 
® question of price only, but this acid often 

of serious o menos. 
may be due to dissolved organic matter, straw, 


present, and must be strictly avoided, as it 
the hydrogen given off, forming a deudly poison 
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and being in any caso injurious to health. It is 
Filuting the acid, and g a stream of sulphu- 
nm: arsenic forms a ‘ipitate, 
i mt as sulphate, 
removed, or aor iL yes ES negative metal; it St 
sone gene ute the acid in a separate vessel, allow it to 
cool, and filter it off before nse. 

Nitrous acid is often present and wastes the zine by destroying 
the hydrogen film, but is otherwise of no consequence. 

The allition of's half per cent. of colza or other oil to the acid 
before dilution, ing well together, precipitates the metals 
as ai and forms a sulpho-glyceric acid which is said to pro» 
tect the amalgamation. 

The strength of acid used in batteries may vary from one- 
twentieth to one-tenth by measure of acid to water. 


Taste IL—Srectric Gnavirr or Sunraunic Actp, 
One-twenticth, volumes .. .. 170% yo percent, 1° 
oe a a 


One-third £259 P om Hid 


50 por cont. weight” .. 1386 1 
rhe SW a ertoees pie MESASE ts 


The third lino is that strength which has least resistance, and — 
may be used in voltamoters. Very strong acid cannot be used 
in batteries, as there must be at least water onough to dissolve 
the sulphate of zinc as formed. A good solution is made 
mixing 1 part by bulk with 10 of water, which should be j 
as water containing lime is apt to form a deposit on the 
surfaces; if hard, it should be boiled before use. 100 grains | 
measure of such a solution will dissolve about 11} grains 
commercial zine ; but it is bad economy to nearly saturate the 
acid, particularly if several cells are combined in series, as zinc is 
apt to be deposited on the lower part of the negative plate, which 
ia thus destroyed for the timo, and from which, as the zino is 
os a troublesome process to dissolve it. But allowing 

impurity in zinc, local action, and a due p 1 
about one-fifth of free acid left, one pint of this solution 
dissolve about 1} oz. ofzinc. We may thus calculate the 
4 coll is capable of doing as about equal for cach pint of solution 
to 24 equivalents or units, and the cost per unit of the single 
oid cells (line 2 ‘Table V.) +0438 of a penny, taking a= 
mated zino at 6d. per 1b, 

165. Hyrpnocutonic Actv.—This will serve equally as 
a8 sulphuric, but is seldom used because it is pit 
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cells themselves, § 166, and by the solubility of tho materials 
employed or generated by the action, Each equivalent of 
material, that is of all the substances taking part in the action, 
will gonerate 1 unit of clectric quantity, or maintain 1 chomic 
of current, provided it is not wasted by local actions, ‘Tho 
second condition calls for a sketch of tho terms necessary to 
understand the subject. 

168, Klectromotive force, shortly written EMF and sym- 
bolized by E in formule, measures the generative power in 
torms of potential, § 78, p. 61, that is of the capacity to rome 
current, or of the capacity to overcome resistance. It depends 
entirely upon the “intrinsic energy " set free by each equivalent 
acting chemically, and then charged upon the chain of equiva- 
Jents in which this action occurs, Therefore it ie entirely 
i of the size of the plates or celle, A simple experiment 
will fix this in the mind. Take a piece of copper and cut a 

ieee of several square inches, and also a strip like a thin wire; 
to the same with a piece of sheet sino; attach the coppers and 
zincs to wires and wrap the zines, after amalgamating them, in 
neveral folds of blotting paper. Connect the wires to the 


terminals of « galvanometer and dip the large He into a vessel 
of dilute acid; a deflection will occur, which will rapidly diminish = 
attach the small a and note how much smaller the deflection, 


which also will inish even more quickly, Here wo have 
different quantities or currents arising from the same chemical 
action, because the larger surfaces enable a greater number of 
ivalent actions to occur; this is commonly called a difference 
Ei aketani veaistonse: The diminution of the deflection is due to 
what is miscalled “polarization,” that is to say to the coa 
of the copper plate with hydrogen or hydride of copper, whi 
generates an opposing EMF and so reduces the active force 
ayailablo to produce current. Now dip the plates into a 
strong solution of sulphate of copper: the deflections will be 
proportionally affected as before by the size, but (1) they will 
be greater, and (2) they will remain steady. The BMF 
ia greater in this case by exactly the difference in the energy 
absorbed from the chemical action by the setting free of 
hydrogen or copper, § 148. Alsoas the copper plate ix not altered 
by the coating of copper, as it is by that of hydrogen, there is 
no “ polarization " or counter EM F generated. 

Now join together the wires from the two oo] , Connect 
thoee from the zinca to the galvanomoter, and aan tho plates 
in sulphate of copper as before ; no deflection whatever will be seen, 
'The two actions are opposed: that on the small plates acts ax & 
counter EM F to that on the large plates, and the stress each 
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adding wire, the current will be halved. But 
double the current, by doubling the number in 

h that would double the EMF. In such a case 
should also have increased the resistance by the i 
sistance of the added cells: if tho external resistance 
emall, the current would scarcely be altered, because it i 
total resistance of the circuit which is to be considered, and 
when the external resistance is small, this resistance is nearly 
all internal. 

Electromotive force is gained by using cells of greater force 
or by connecting cells in “series,” that is -- —, + —, which 
also adds their resistances, and the E M F of a circuit is thesum 
an forces thus added, which may be those of various kinds of 


Internal resistance is reduced by using plates of large size or 
by coupling cells together + -- and — —, and then to the 
circuit so as to act as one cell: different kinds of cells must 
nover be coupled in this manner. 

172. Constancy means, that having once set up a battery 
under certain circumstances, giving a certain current, then that 
current shall be steadily maintained till the materials of the 
battery areexhausted. Of course, the conditions assume that the 
external resistance remains unchanged; therefore, eee 
or fluctuation of current, may arise from variation in either 
force generated, or in the internal resistance of the battery, 
The latter change occurs to some extent in all cells from 
formation of sulphate of zinc, and the former ocours in most in 

maequence of so called “ polarization, ” § 168, 

A battery which would at all times, and under all variations of 
external work, generate a uniform electromotive foreo would be 
invaluable; but none such exist. ‘I'he Daniell, § 187, is the 
nearest approach to it, and the Grove, § 204, the next. 

Duration is quite distinct from constancy; it depends entirely 
on the coll containing materials enough to continue bees 
the required period; this is therefore a function main 
oe of cell, as related to the required work, as is ex) 

167. 

Density of current—This means tho quantities of current te 
lated to the surface arca of a conductor, such as the plates of a 
cell. Theoretically, current is proportional to EMF, but: 4 
reaction has a particular rate beyond which it cannot be yy 
without introducing new conditions. Thus the rate at which 
zine can be consumed in acid will depend upon the strength of 
the acid, and the deposit of copper can only proceed at such & 
rute ag the diffusion of the liquid will bring freah copper salt to 
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174, Inox Axp Zrxc.—Iron has often been recommended as a 
negative element because its surface keeps clean. Its force is 
very low as may be seen by the table of experiments, p. 168) 
Tho reason of its surface remaining clean is mainly that the 
acid acts upon it a6 well as on the zinc, and thus causes much 
waste, 

175. Stuven Nesative.—This acts very well, especially if a 
thi : deposit is formed upon a uarataee #0 a8 to obtain a 
rough surface, Such a coating may be deposited on copper, but 
doposited metal is always porous, and the acid is always found 
to act upon the ett andy ‘is is the only drawback to a plan 

gested, of making negatives of copper-wire 
plated, which otherwise makes an excellent negative ; it 
never be left in the acid when out of action. 

176 Puarixmen Siver.—Smeo having assured himeolf that 
the nature of the surface was of the greatest importance, and 
that the hydrogen is more readily given off from a rough surface 
than a smooth one, and also Sots mind that platinum has 
the highest electromotive force of all the metals as ee to 


zinc, 
ite, which 


ly fails in 
Tablo IV. 


the inside surfaces of a wooden frame, of which the top and 
bottom bars may be 7 inch thick, and the sidee §, the wood being 
well baked and soaked in melted paraffin before pubtiig tenes 
by the usual mortises and tenons; a sheet ofzincis held oneach 
face by means of a brass clamp with a screw, which 
them against the framo, and carries also the bindin; for 
the connection, that for the silver passing through a hole in the 
top bar, and being soldered to the silver; the zines should be 
narrower than the silver, in order to give free cacape for the 
For large works the sheet is frequently fixed upon a + BO 
as to use one side only, and is placed outside the zine. 

177. An excellent mode of making connection to the zines in 
a large cell is to have a narrow trough containing meroury 
across the bottom of the cell, connected by means of a wire 
covered with acid-proof coment, § 188, so that merely 
the plate in the trough connects tho zinc at onos, and also 
up its amalgamation; a bar should be provided in the upper 
part of the cell for the zinc to lean aguinst. Each gino, for 
zegmar working, should be in the form of at least two plates; 
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vided an ling in the outside the porous jar, for the 

yar Spas dis the ‘aia and allowing mt to escape. 
tr the part of the porous jar above the liquid be well stopped 
with paraffin, §185 (or if merely a glass tube passes down to 
below the surface of the liquid), tho coll becomes an admirable 
voltameter, if a small tube is fixed in the top to which a 
caoutchouc tube can be added to carry the gas away to be 


Tocasured, 

182, Odds-and-ends Ocll—Smoe proposed what he called an 
“ odds-and-ends" cell, composed of a jar in which @ quantity of 
mercury was placed with scraps of zine, broken plates, or even 
Taw spelter; a plate of pinkie silver was then suspended in 
the jar and the acid solution added. This has been tried by 


many, but has seldom given satisfaction. It is, however, well 
suited to operations requiring a continned current, as the chief 
objection is the great local action, especially when so constructed 
that platinum can fall on the zinc and mercury. The following 
‘tion, however, will be found useful for working up Lis 

rey 
its walls 


zinc, a8 it can be inserted in the liquid just while 

Take o vosse), such as an old porous jar, and pi it 

with holes, or, make one of guttapercha, which is stronger ; the 
lowest inch or so is not per Erato, as it is to contain ae 
to the bottom of which is plunged a stout copper wire, - 
gamated at its end, but covered everywhore clse with gatta- 
perclia and cemented to the side of the vessel, reaching to its top, 
where it is to be soldered to a binding-screw which is the zine 
connection. All the rest of the surface is pierced with as many 
holes as possible, consistently with strength, to allow free 
circulation of liquid. It is then filled up with pieces of zing, 
amalgamated and in as close contact as may be; the whole acts 
and is used just as if it were an ordinary plate. The mercury 
is subject to little waste, but now and then the whole should be 
removed, well shaken up together, and repacked, and at times 
tho morcury as it bocomes etl with metals should be filtered 
by squeezing through a wet chamois leather, the residue bob 
preserved and added to the collection described § 162. 


plate and acid. 
183, All the combinations described so far have two faults, 
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rie up, effloresce, crystallize, and disintegrate the jar. For the 
same reason jars taken out of the liquids must not be permitted 
to dry, but should be kept soaking in water to prevent their 
destruction. This is of particular importance with jars used for 
the Daniell’s cell, as they are very apt to get nodules of copper 
deposited on them wherever the zinc has touched the inner 
surface, and particularly at the bottom, where drops of mei 

or flakes of zinc fall, and then the cell is very soon rende1 
worthless; if this occurs, the spot of metal should have some 
cement or guttapercha laid over it, 60 as to render it non- 
conducting. Some porous jars are glazed at the upper part; 
when this is not the case they should be rendered non-ubsorbent 
by corals a thin layer o} perce kept just above its melting 
point, till this has been soaked up as far as is required, 

186. Execraic Exposwose.—Whenever two liquids of different 
nature are separated by a porous diaphragm they each pass over 
into the other and become mixed: this action is called endoemose 
and the sole use of the diaphragm is to diminish the rate of 
mixture. This action occurs in both directions, but when an 
electric current passes through liquids thus separated, the liquid 
travels with the positive current, with such a force as to 
counterbalance a large difference of level. I have known zine 
cells to be nearly emptied by this means when a strong current 
was passing. It appears as though the actual substance under- 
going decomposition were not the pure bodies spoken of § 158, 
but compounds of these with water, and that this accompanies 
the +-ion: but it is also found that tho bulk carried by o 
current is greater with bad conducting solutions than with 

i conductors. The laws ascertained by Weidemann are: 
{t) The quantity which flows out in equal times is di 


roportional to the strength of the current. @ The quantities 


flowing out are, all other conditions being equal, independent of 
the size of the porous substance. () he height to which 
current will cause a liquid to rise is directly proportional tothe 
extent of the porous surface. (4) The force with which an 
electric tension urges a liquid across the partition is equivalent 
to a pressure rpecgorsocal to that tension, 

‘Tne Dasisis's Oxtt.—This, the first devised improve- 
mont, is also the most sucocssful attempt to obtain constancy. 
‘Lo it also we owe the discovery of the electrotype process, and 
all it has grown into, Its principle is, that copper, as the 
nogative metal, is surrounded by a solution of a salt of % 
which is reduced ; instead of hydrogen, copper is set free, it 
is atponies on the negative surface, which is thus kept oon- 
stantly renewed. The acid of the salt is transferred by elegtro- 
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itself serve as a depositing veasel by using models, seals, &o., in 
fact any object we wish to copy, as the negative surface, by 
suspending these toa rod which forms the + pole of the battery. 
‘This is in fact what is called the single-cell process of electro- 
typing. In this case the cell is best made of wood, lined with 
& resinous cement; guttapercha may be used, but has the dis- 
advantage of facilitating the creeping tte of acids and salts, 
which is troublesome and messy, besides causing loss of power 
by establishing paths by which the force escapes. Four parts 
resin melted with one of guttapercha, and a small quantity of 
boiled oil answers perfectly; the wood should be perfectly dry 
and warm when it is applied. A similar coment with a Bet 
roparion of guttapercha may be used for covering wires, first 

eating them so as to insure adherence; for this purpose it 
should be run into sticks. Such an apparatus is shown in 
Fig. 45: ab is the box divided by the porous partition d; ¢ is 
4 place for holding the crystals; e and f are two bars of metal, 
to which are hung the objects to be copied and the zine plate, 


Fis. 45. 


and each is fitted with the necessary binding-kcrew. Tho bara 
being movable, it is easy to regulate the distances, and #0 to 
control the action, by altering the internal resistance, ‘This 
apparatus answers admirably for a voltameter by using a light 
copper plate and weighing it after the conclusion of an experi- 
mont, § 350. 

. The Daniell cell will also serve as an approximate measurer of 
current by the solution of the crystals. As these contain one 
fourth their weight of copper, the quantity needed for a given 









cale i, and if this is put in the reservoir, 
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is easily explained as an extension of that shown Fig. 42, § 101. 
If we consider the two molecules to the right of the porous 
partition to be sulphate of copper, 


os eee 
We havo, H,80,, H,80, | CuSO, CuSO, | 3 
patel ace A cto 
polarized SOM, 80,8, | $0,Cu, 80,6a Sy 
aoe SEES || eee 
breaking up Zo80, H,S0,, | H,80, CuSO, Ca 


The last line shows that what occurs is that an atom of zine is 
taken up and one of copper displaced, that the source of the 
force is simply the difference between the affinity of sulphuric 
radical for zinc and for copper; the acid serves only as 8 con- 
ductor, as it will be seen that there is the same quantity after 
action as before; the force yielded is equivalent to tho heat 
zine would give while precipitating copper from its sulphate, 
and is really the difference between the internal force 

to the existence of sulphate of copper, and that bound or latent 
in sulphate of zinc. 

192. The Electromotive force of the Danicll—It ix usually 
stated to be volt 1079, but is subject to many canses of varia- 
tion which have been only slightly studied, which is, no doubt, 
the reason that good authorities differ as much as 3 per cent. in 
the value. Dr. Alder Wright calculates the value from the 
chemical reactions as 1° 105, and says that the specific gravity of 
the liquids, i.e. the strength of the acid, plays 90 important a 

rt that with acid specific gravity 1*o10 (see table p. 126) the 

ME is 1°123; at 1050 it is 1133; and at 1-090 it is 17143, 
Other authorities say that with Sal ha of zinc itis 95 per cent. 
of that with acid. My own experiments indicate that there is 
not much difference due to this causo. I found that in enoh 
delicate experiments where no real working current is devi 
what is measured is really static potential rather than EMP; 
the mere motion of the zine plate, or brushing off the bubbles of 
hydrogen would make an instant change of cent., and that 
therefore this action alone if unknown (and i fam never seen it 
noticed) would vitiate many observations. 

193. Dr. Wright states “it was found that but little difference 
was produced by using pure, commercial, or amalgamated zing, 
or zine coated with a film of copper.” ‘This is entirely different 
from the received opinions, and very different from my own 
experience. 1 find that amalgamated zinc has the hi, fores 
by about ‘ot, as compared with new sheot-zinc, more as 
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that the current developed must be proportioned to the sn; 
of copper salt presented to the copper plate: if the pach 
not strong enough to moot the demand, we have copper, x not in 
copper salt, but in sulphuric acid, because the copper has been 
removed from tho molecules adjoming the plate: this can oar 
be corrected by the process of diffusion. His betisty saree 
have been arranged for the particular pr his oped 
ment, in the manuer least adapted to ae working, with the 
copper plate at the top in a Wek copper solution floating above 
lenser zine solution. The best arrangement for constant 
EM F would be the exact reverse, so as to send the donse 
r solution streaming to the copper plate. Various forms 
devised to attain this object, ay do away with the diffi- 
culty and waste of endosmose will be found in the following 
sections. 

197- The Daniell cell has been fully examined because of its 
importance, both practical and theoretical, and it only remains 
now to show the cost of its working. In this instance, this ix 
shown in full detail, and will serve to show how the cost of the 
other forms has been arrived at in Table VI. § 252. 


The local action will depend on the quality of the porous 
vessel, rate of working, &o., but we may allow 5 per cent. We 
have then per unit, by Table V. § 251 :— 


Line 24 Zinc unamalgamated .. .. «= "0195 


9g Copper sulphate .. .. « 4 "0900 
> Local action + 10055 


“1150. 
Lees 8Copperreducol « «=  *0566 


ofapenny .. *0584 


This assumes that zino sulphate is used in the zine cell and 
costs nothing, it being a product of the working. The reduced 
copper is taken at the common value, but if it is deposited in 
useful forms the actual cost of the cell will be reduced to nothing 
in many cases, 

In fact it is 80 worked in somo factories, where large cells ar 
#o arranged that the copper plates are objects receiving deposit, 
uch ax stereotype blocks, while current is led from them to 
other work, 

198. Tux Gnaviry Barreny is a Daniell without a porous coll, 
in which the copper solution ix kept from the zine only by its 
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for a small gradual demand, but do not answor well if left out 
of action for some time and then called on to supply large 
current, 

200, The Minotto has ‘been much landed ; it consists of a jar, 
at the bottom of which is a copper plate, fitted with a wire, this 
is covered with an inch of aire of copper, and this 
a) with a layer of silver sand which is to act as the porous 

vision, Some use sawdust instead of sand, others paper pulp, 
or felt; they are useful for some purposes in which a great 
internal resistance is not an objection, but the copper inevitably 
finds its way to the zinc. Animal charcoal offers the greatest 
protection against this, owing to its property of absorbing 
metallic salts; but this very property causes it also to form a 
nearly solid mass, ina little while, and then its resistance becomes: 
enormous, 

zor. M. Gaiffe has devised a form of Daniell for occasional 


the ordi co) copper salt 

through the porous cell it will sink by its roster speci 
gravity and form « stratum at the bottom. When cirenit is, 
closed, the resistance betwoon the zinc and the external copper 
being less than that to the interior of tho cell, this outer 
stratum of copper salt will be first reduced. 

I have = ote fe st es the Hee coll conse oe 

inder fitted with an upper part of porous eat = 
pea tacoaital to it, and have also placed the zinc in the inner 
cylinder, This cell is useful for many purposes, but camnot be 
relied upon as a steady electromotive force, and copper salt does 
reach the zinc, though not nearly as much so as in the common 
form. 
202. The next great class of generators includes those which 
employ at the apeeative plate some substance containing oxygen in 
a state to be ily given up. The ingenuity of inventors has 
boon much exercised in devising variations of (1) the negative 
plate, (2) the oxidizing agents this latter being either liquid or 
solid. The principles and qualities of the many different forms 
will be much better understood by keeping this classification in 
view, than by a mete doscription of particular forms. 

Any substance which will react freely on nascent hydrogen 
can, of course, be employed, and those liquids which con- 
tain oxygen or chlorine in a condition to be freely given 
answer best; of theve nitric acid is the most porehil white 
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bichromate of potash gives no fumes, so that these substances 
have proved the most valuable in practical use. 

203. Nitric Acid.—This is u solution of the true acid HNO, and 
frarics: great Est The following table shows the value 
of the most t strengths -— 


Tante TL] —Sraesora or Nernic Acip. 


Equivalents | Atoms tn 1000 
‘or atoms per M | “Tiquid grains. 





the theoretical acid, formerly called the rst hydrate, 

; 2 HNO, + 21,0, formerly called the and hydrate. 

2 HNO, + 35,0. This distils unchanged at 248° Pahr. 7 
to which boiling brings both stronger and 


arate reaction which occurs is very = aentintae and variek 
at it stages of the action. HNO, may lose one atom of 
eee HINO, nitrous acid, under two units of action 

wi H, to form H,0 water: but one atom of hydrogen 
in eae able to take up one of oxygen together with the 
of the acid; thus HNO, +H becomes 1,0 + NO,; 

origin same reaction taking place with the residue (nitrous acid) 
of the first case, HNO, +1 becomes H,+ NO, Part of the 


acid is even totally dooxidized and converted into ammonia, 
Which unites with the acid, and may then be reduced ES 





[aes. 


In each of these cases the work done electrically by one atom 
of acid would be different; and for this reason the electromotive 
force falls off as the action proceeds, When cells are used for 
producing large currents, the reaction which occurs is confined 
to the giving up of one equivalent of oxygen to one of hyd. ; 
this reaction, which must be considered the normal one to which 
the EMF of 1°8 volt corresponds, continues as long as the 
strength of the acid isover sp. gr. 1°26, but from that point the 
EMF lowers and on the other hand more economical reactions 
take place. It is evident, then, that the action ought to be con- 
sidered from these distinct points of view. 

205. When the battery is working for great force and current, 
the acid should not be reduced below sp. gr. 1*246, line 7 of the 
table, and, therefore, the working power of the acid is fe 73 
— 43 = 30 units, leaving nearly two-thirds as much behit 
unused, besides whatever oxygen might be utilized beyond the 
first equivalent. 

This acid is, therefore, available for further use, for purposes 
in which so great EMF and such steady constancy are not 
necessary: it might then be reduced to sp. gr. 1°16, at which 


strength it would still retain about ane cent, of acid; but the 


reactions would have given 3 equivalents of ox: in place of 
1, and, therefore, the work of the pound of acid would be 73 — 
23 = 50 X 3 = 150 units. 

the consumption of material needed for the current, 
there is a waste by endosmotic actions of from 6 to 10 per cont. 

206. It is usual to employ sulphuric acid to act on the Zino; 
but it is well known that hydrochloric acid gives at least 5 per 
cent. higher electromotive force—that is, the EM ¥ would be 
over 2 volts with HOl as against 1°8 with H,S0,; besides which 
the chloride of zinc formed is very soluble, and will not creep uw 
the cells and crystallize as the sulphate does, Sulphurio cil 
is proferred from habit and because it is cheaper, though this is 
only a small of the cost. Hydrochloric acid may be 
objectionable , a8 giving off fumes, but while this is a 
legitimate objection in most batteries, it is of no moment in 
presence of the more objectionable nitrous fumes. 

Saline solutions are sometimes used in the zine cell, but this is 
bad economy, as it results in the solution of the zinc being reall 
effected by the nitric acid, of which therefore double quantity 
used, But such solutions, and preferably a half-saturated solu- 
tion of zinc sulphate, may bo used if the equivalent proportion 
of sulphuric acid be added to the nitric acid in the porons cell. 

Ohloride of zinc may be used in the zinc coll, or, as the acids 
will pass through the porous cell, it is only necessary to ooca- 





lorie acid 
resnlt—viz. the use of a mixture of nitric 
acid in such a manner as to utilize chlorine as 
i the acid. 
ic acid is 


ill unite with nascent hydrogen are available in the 
battery, M.d'Arsonval recommends an agua regia composed of 
volumes of nitric acid sp. gr. 1°33, and hydrochloric acid 
a volume of water equal to the acids. Th 
dilution ix to pre 


which bichromate of potash 
really by the chromic acid which is sot free fy the 
action of another acid, usually sulphuric, 
Bichromate of potash 


is not a true twofold acid salt like 

of potash, but consista of one atom of chromate of 
K,Cr0,,Cr0,, Its formula 

or K,Cr,0,, making its atomic 


5° 2. 
is commonly supposed bat the effect of the addition of 
‘acid is to convert the potassium salt into chromic acid 
eae of potash. But be the preliminary action what it 
( effect of the action of the battery is to convert the 
into chrome alum. The usual modern formulm rather 
this action, which is, however, quite intelligible when 

an alum in the old fashion as a combination of a 


48,0 + 30 
o 
"4 dt 3H 


M 


La 
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‘That is to say, 1 atom of bichromate of gio with 4 of 
sulphuric acid gives oxygen equivalent to the derived 
from 3 atoms of zinc acting on 3 of sulphuric acid. This is 
equal to 6 units of current, and makes the electric equivalent of 
the potash salt under these conditions, about 50 grains, which 
quantity requires 66 by weight, or 38 3 measure, of sulphuric 
acid to effect its own mposition. Ifthe acid to act on the 
zino is to be provided in the same solution, an additional 
equivalent is needed, making the quantity for cach unit of work 
115 grains by Weight, or 66 by measure. 

210. Owing to t! ie insolubility of the salt, the solution is weak, 
4 pint being only about 25 units, therefore a large mus cell 
must be used, unless the zinc is placed within. The usual 
directions for Saari the solution are to dissolve 3 oz. of the 
salt in a pint of water by aid of heat; and when cool add one- 
twelfth its bulk, or 2 oz. of sulphuric acid ; but this is erroneous; 
it only supplies the first 4 equivalents of acid, and though given 
for single-cell bichromates, is only suitable for a double-cell in 
which acid is used besides to dissolve the zinc. In order to 
utilize the salt completely, a nearly equal quantity of acid should 
be added, when the action becomes sluggish if added at first 
it causes too great local action, and this is always very great. 

The electromotive force falla rapidly, and the resistance 
increases with this solution, as the chromic alum forma; this 
also frequently crystallizes in the solution and upon the carbon, 

211, Hydrochloric acid used instead of sulphuric avoids maly 
of these defects. The solution can be prepared with eq) 
volumes of the cold saturated solution of bichromate of potash 
and of hydrochloric acid. ‘Che combinations of chromium are 
so complicated and so easily modiGed by conditions of tem- 
perature and saturation, that it is difficult to say what 
actually occurs: but the following expressions appear most 
probable :— 


,0r0,} 2HOl _ 2KCl-+ H,Cr0, 


cr0, 2HO1 = H,0r0,Cl, 


"That is to say, 1 molecule (or atom) of bichromate of potash, 
295, with 4 atoms of hydrochloric acid, is resolved into 2 of 
potassium chloride (which then passes out of consideration), 1 
of chromic acid, and 1 of a chloro-chromic acid, in which Cl, re- 

laces 1 atom of oxygen. These two acids now react upon the 
Pydrogen derived from the action of zinc upon the acid thus>— 


H,Cr0,+ 2HOl = CrCl, + H,0 +0, 
B,Cr0, 01, = Cr(l, + H,0+0, 








fest molecule (295) ofthe elt with 6 atoms HCl ts equal 

8 units of current, requiring a further 8 

(Gaal ESSERE: 
therefors, the oynivalent of 

Yd Tecause it is wholly reduced to neutral chloride 

"to eeaqui-sulphate, aa in the other case; each unit, 

fore, requires 1 unit of acid for its own reaction, and 1 unit 

\in the same or a separate cell for the zinc. No crystals 


this solution, 
calcium would be vory usoful if it aye be 
ially as its residues are easil: 
wi an not the case witl te 
cannot be com; ri 
Mr. D. ones and 


ait 
F 
U 
Hid 





bofore uso), and 24 parts of plaster 
n anaes eae ec cere 

an juivalent a vr 
Ei pettih ine more acid than the potash nla 
aT ee as sulphate on the addition 


acid, and the rest itates during the action, 
hikes one rat eas rg 


prepared by oe it ‘oe use by dissolving 5 
z. e of pth in boiling water, and adding & 


BE 
Bae 
ic 


CaGroyt +5180, = | G380.+30tsn,0 


| +3HSQ= 3 
| Another solution which might bo useful is 
5 to of bichromate m4 solution, 1 by relent 


: and 64 parts of sulphato of alumina (Al,3604 
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a BEBO) 06)8> ann 8 ROY ADS nee after concentra- 
ani 


cool remove the asalum. The solution will 
require sree or ydvecbtorie acid sufficient to satisfy the 
reactions. 


214. Voisin's red salt ia very convenient for amateurs who do 
not wish to have the trouble of acids; it is a compound salt con- 
taining the n acid in the proportion of the formula § 209. 
It gives the same EMF as the ordinary solution, and appears 
to be rather more constant, but produces a somewhat greater 
resistance. It should be dissolved 20 to 25 parts to 100 
of water. That is, 402. to 50z. ina pint. It consists of 


Na,SO, + 70,80, + K,0r,0, 
140 686 295 
which is probably changed by the action into 
aNaHSO, + 2KHSO, +- 2Cr0,280, +- 7 water. 


It is made by dissolving the sulphate of soda in the heated 
acid and ually stirring in the bichromate ; it is then poured 
into moulds, and after cooling, removed and broken up. 

215. Nitric acid with bichromate of potash has been 
spoken of by some writers as giving a constant current no 
fumes. It is true that tho constancy of the current is improved, 
but after a little time the fumes are given off; the reaction is 
simply the reoxidation by the bichromate of the reduced nitric 
acid." Still this plan may be useful where a strong current is 
required for a given time, as for producing the electric Light. 
The solution recommended is a saturated solution of bichromate 
in nitric acid, with one-third volume of sulphuric acid added and 
just enough water to redisaolve any chromic acid ‘ipitated. 

216, Alkaline nitrates have been proposed in place of nitric 
acid ; nitrate of ammonia, even, has been employed, but it is 
expensive and has no sort of compensating advan When 
a solution of these nitrates is mixed with sulphuric acid, a 
reaction takes place by which the base is divided between the 
two acids in ratios depending on the relative proportions 
evga hence results a solution containing a proportion of 

nitric acid which acts in the usual manner, while the 
remaining nitric acid is only set free as the action of the 
battery proceeds. Nitrate of soda is the best; it is cheaper 
the pound, its equivalent ia lower, and therefore the 
does more work, and it is very much mom soluble, and therefore 
a much more active solution is obtained. It is not, however, 
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Aitiealty of par & good connection to it, and Hooke ination 
of these in cating away the metal contacts and forming some 
non-conducting substance at the junction. Carbon has several 
ater forms, as the diamond, charcoal, and graphite or 
hago, It is the last which is useful for batteries in its 
= of gas-carbon. This is not coke ; coke is the solid reriine 
left after distilling coal; the graphito comes from the gas, the 
rich hi See of which are decom; by contact with the 
heated retort, on which they form a shell; it is, in fact, a or 
nuisance to the gas-maker, as it arises from tho 
the richest gas, injures the retorts and wastes the heat; in per 
works it is called“ scurfing.” ‘The densost and harest is 
the best for electrical use; it should be almost non-absorbent, 
and ring like a metal when struck, and have a clear groy 
colour, not black. The best mode of cutting carbon is that 


should be soaked in strong syrup of sugar or troaclo, a 

and treated as before; this process must be repea\ at tho 

carbon is perfectly dense and strong. In this way aré made 
cylindrical vessels, left somewhat porous to hold the acid and 


ae the twofold meine of porous jar and negative plate; many of 


the plates and in batteries of French make are thus 
made, and work fairly well, but under some chemical reagents 


2 fap ually 6 carbon made in this manner is now at our 
disposal in tho thin rods (true carbon wires) made up for the 
electric arc lights, which are also useful for resistances; they 
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in alone resists powerful oxidants, such as nitric acid, and 
it is equally a protective against caustic alkalies, 

223. Sunvack.—This is of even more im oo than with 
platinum. There are many uses for pow: batteries in which 
the object is a powerful current for a limited time, an hour or 
two; for these a cell which would only hold just sufficient nitrio 
acid for the occasion, would be valuable; but to get this we need 
@ porous cell which will only just hold this quantity, and 
which shall yet have in it a plate surface capable of gonerating 
the required current. Again, the chromic acid cells fail very 
rapidly, owing to polarization, and a large negative surface 
pape bost remedy. There are two modes of attaining these 
ol 

Granulated carbon may be packed in the cell around one or two 
plates or rods serving as conductors, in the same manner as in 
the manganese cells; the connection to the separate particles is, 
per renvicapcesene at best, so the resistance is large. ‘I'he plan 
is only available with acids, either as a Smee, or with nitric 
acid: it is not suitable to any chromic salts, as these tend to 
forming deposits on the surfaces, which break the connection. 

Carbon rods, § 221, may be yucked into the cell with such 


Locos is desired for the liquid, their tops being all connected 


gives most room. I have found it convenient to use a porous 
cell perforated with holes fixed into the containing vessel, 

a second porous cell for the zinc, which is in in the other 
only when required for usc, The oxidant can then be left in 
the containing vessel for further uso, and the opening closed 
with a stopper. I thought I had arrived at perfection and dono 
away with the nuisance of charging and emptying nitric acid 
cells, but there is an if in the way ; the plan would be 

we could find a perfect means of inclosing the top: as it is I ean 
only describe the best results I have attained. 

Arrange the carbon conductor in the cell, and also a glass 
tube for supplying the liquid, reaching nearly to tho bottom: 
then shake in dry sand, if rods are =) or salt, if with granu- 
lated carbon, filling to within an inch of the top. On this 
a well-fitting layer of cardboard boiled in paraftin, ina in 
which is inserted a piece of glass tube just entering the sand. 
Now, after warming the tops of the cella, which ought to have been 

stood in paraffin before use %0 ox to be ewated, your in 
pirafin just about to set. 1 have tied romnmg im Yawex of 
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manner. If the outlet or vent-pipes (provided for emptyin, 
the cells and allowing gases to excape) were of Propar 

bent over so us to enter the inlet or feeding prpe, the liquid 
would flow from one cell to another with very small differonca 
of level, and if several cells were thus mounted in series they 
would unite their slightly-differing EMF. If connected toge- 
ther by caoutchoue tubing they might be at one level, and the 
liquid forced through them at any desired rate by the elevation 
of the reservoir. 

229. Rotating carbon plates have been used to attain the same 
result. ‘The carbons are in the form of discs mounted on an axis 
with only the lower half in the liquid, so that the motion of the 
axis brings new carbon surface, carrying also a film of air, and 
also stirs the liquid, 

230. Pumping air into the liquid is another mode of causing 
circulation, and though it does not add to the EMF it does 
prolong the action of the liquid by itself sup) lying the oxygen 
to the plate. This process was used in Byrne's matio 
battery, § 219, and produced a very powerful current small 


231. Bicnromare SivoLe Cert.—This consists of two plates of 
carbon, with one of zine between them, fitted so that it can be 
raised out of the liquid. Of late many of the shops have small 
bichromate cells without this fitting, the intention being to let 
the colls go on working to exhaustion; it is therefore desirable 
to warn readers aguinst using such cells, which are most extra- 
vagant and unsatisfactory. Used for the purposes to which it 
is suited, the bichromate cell is one of the most useful; it 
furnishes a most powerful current for a very short time, it is 
therefore iniaby, adapted for short experiments with indno- 
tion coils, as it gives a greater force than the nitric acid bat 
teries, and has no unpleasant fumes, while it can be set aside for 
weeks and be ready for action at any instant. But for 
sustained action it is utterly useless, as its force fails very fast. 
The simple action of raising and lowering the zine, howeyer, 
instantly restores it for reasons explained § 225. Fig. 46 ahows 
the usual construction. 

The containing vessel is a glass bottle enlarged into a globe 
below ; the object is merely to hold a larger quantity of liquid, 
and any form of vessel willanswer. Tho essential is the 
top which carries the plate; this is best made of ebonite, but 
hard baked wood saturated with paraffin will do; in the centre 
of this is screwed a projecting brass tube splitat the top to 
the rod carrying the zine which slides in it: the foot of this 
tube also passes through a plate of brass extending on one side 
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of the cover to the negative binding-screw. ‘This sliding — 
ix often troublesome, as the surfaces tarnish and make 


the zino always lel with the carbons. The zinc is commonly 
fixed to the rod by means of a screw on the end, but it is far better 
to solder them together. I waa once greatly troubled with an 
i battery, which would not keop to its work, though I 
it to pieces and set everything right, as it appeared, and 

great tronblo traced the whole fault to this point; acid 

liad found its way into the thread of the screw and entirely 
the connection, The carbons are secured to the cover 
pyueens of two angle pieces or brackets of brass or iron, as 
wn (a, Fig. 46), and these brackets are connected to the -+ 
bindin; w. ‘The connection is thus one of simple contact, 
and with a porous carbon it is common for acid to find its way 
up between the surfaces and destroy the contact, This may be 
entirely remedied by the plan described in § 222; and the upper 
part of the carbon being coppored the bracket may be soldered 


a ih 
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to it, and perfect connection insured, and protected by a cover- 
ing of paraffin. 

It is impossible to estimate the cost of working this cell, 
because the local action in it is so great, and this beimg noarly 
constant while the zinc is immersed, or when frequently ro- 
moved, its proportion to the work actually done will be leas a 
this is greater—groatost, that is, when there is great resistance. 
For the average of working it is probable that the cost may be 
taken ns *2000, or half as much again as given in § 208. 

‘A very convenient form of this cell is used ag a battery and 
commutator combined, for such purposes as bells and other 
appliances requiring a momentary current ; the zine and its rod 
is supported by a spring, spiral or otherwise, and is 
into the liquid when the current is required; on relieving the 

ressure the zinc leaves the liquid, and cuts off the current. 

o same form of cell is also used in apparatus for obtaining 
light, and for lighting The zino plate in these should be 
fixed parallel to the maiane of the liquid so that a small motion 
will immerse it. 

Staren'’s Inoy Orct.—In almost all the forms of battery iron 
may be used in place of zinc for the dissolving motal, bat 
owing to its lower electromotive force, and other yp 
reasons, it is séldom employed; however, Mr. Slater has intro- 
duoed a form of cell in which iron as the negative metal ix 
combined with the use of nitrates as the oxidizing it, and 
which may be of use where it can be so placed that the fumes 
from it are not injurious, for thongh less than in other cases, 
these are still given off, and render it objectionable in a con- 
fined space. It cannot bo used for such purposes as nitrio acid 
cells are used for, but might be useful in factory work. 

The construction ix the same as the Bunsen, a blook of carbon 
ina porous cell of large size, as 1000 fluid grains contain only 6*5 
units of acid available. The solution is nitrate of soda, sata- 
rated at 100" Fahr., and 2 equivalents of sulphuric acid added 
for 1 of salt dissolved, which brings the specific gravity to 
about 1°568. On cooling, a quantity of sulphate of soda arya 
tallizes out. 

At starting, the outer cell is charged with water, to which ix 
added a small proportion of the solution to render it condui q 
and set up the action, which is thon kept up by electrolysis 
by endosmose, though it is to be observed that the liquid passes 
somewhat rapidly into the inner cell, the liquid in which standa 
at a considerably higher level than in the outer; the action is 

maintained by removing a portion of the inner liquid at times, 
and adding fresh solution, so That there ie WWe ware, “Tae 





f Praceontix, —This has boen employed in batteries ; 
i reduction to ferrous chloride, 


aa 
ri » but it active in 
| eed 





in it, which will be exhausted in a 
to the work done. i 


J manganese cell can do will bably be to 
\it of current for each pepe Ag hatte) 


Fi 87 of ight yidds & of 
it of current; but this is the pure suletance, 
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while the commercial manganese contains often a large 
centage of impurity, so that 100 is about the unit; in additi 

to this, as no solution occurs, the action takes place only on the 
surface of the particles into which the materi ts dived, aad | 
hence a considerable portion may escape action; it is therefore 
impossible to fix upon any quantity as the electric unit; it 

Tange from 100 to 200 grains or more. ‘According to Deslaneae 
to 100 of peroxide and 100 of sal-ammoniac, there are 
parts of zinc dissolved. The poroxide is a Be conductor 5 
resulting sesquioxide is not a conductor (and the same is the case 
with the corresponding lead oxides), hence the action tends to 
diminish: and a main object must be to spread the material in 
aa thin a film as possible over a large area of conducting surface. 
This is most readily accomplished by crashing cate into 
various sizes, from a pea down, and packin, pices 
tightly in a porous jar, in layers, so that the particles are in 
firm contact among themselves, and with a plate or bar of carbon 
which forms the main plate or conductor ; the finer grains should 


be mixed with three times their bulk of manganese also in fine 
grains and sifted in among the network of large pieces: the fine 


has to be sifted out, because it resists the penetration 
of the liquid. he result of this arrangement is to expose a very 
large surface, which compensates for the inherent 6! of 
the action itself, and reduces the Rt ere, te 

A small surface of zinc is sufficient, and it generally 
one hetes small cast rods or rolled strips suspended in the 
outer vessel, 

This is the usual arrangement, but it is far better to reverse it, 
and put the zine inside the porous vessel, making the battery 
up as described ace with the manganese added as above, 

The Leclanché cell is now constructed with a conglomerate or 
solidified block of carbon and manganese, which can be replaced 
by new when exhausted. ‘This dispenses with the use of the 


this higher 
electromotive force is, that soda displaces ammonia from 
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to react rt of the lead sui; sate and generate 
‘appears upon pai ip) 
a iphide, which ultimately gives off palphuretie ae 

237. Tue Sournare or Mescury Ceut.—his, which is called 
from its inventor, the Maric-Davy Cell, is of use only in cixcum- 
stances roquiring a small intermittent current of great force; it 
is a zine and carbon pair, the latter of which extends to the 
bottom of the vessel and dips into a mass of the sulphate, 
vessel is then charged with water, which dissolves a small 
portion of the salt slowly, and this sustains the action, the acid 
radical acting on the zine, the amare defo eo carbon, 
from which it falls and collects as mm at the bottom. The 
action can, therefore, only be sustained at the slow rate at 
which the salt enters into solution, It has gone out of use 
because tho mangancee cells answer the \ ee purposes to 
which it is adapted, and tho chloride of silver is better for 
scientific uses, 

238. Cianx's Mxecuny Oxtt.— This was devised by Mr. 
Latimer Olark, not as a working coll, but as a standard of 


hoating 1 
the heat does 


parafiin A 

standard of EMF should never be allowed to pass a current; 

with this precaution it will be fairly constant. Heat decreases 

tho MF about -06 per cont. per Soeee Cent. for about 10” 0, 
above or below 15°. Below this aud towards o” OC, the EMF 
dnoreuses *08 per degree, 
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may be employed with metals soluble in them; thus zine, lead, 
and tin are soluble in caustic soda and potash, producing mate- 
rials useful in dyeing and other arts. Copper is soluble in 
ammonia, producing a compound (cuprammoninm) which has 
the property of dissolving cellulose. Caustic alkalies or their 
carbonates separated from acids by porous cells generate E MF 
by their reaction, even with plates of similar motal, as platinum, 
and this may be added to the force arising from their ta, 
relations to different metals. The only objection to ies is 
that they absorb carbonic acid from the air. 

Caustic soda will replace the acid in a Daniell’s cell, giving a 
higher EMP. The two liquids react upon each other and 
duce a precipitate, so that an open-grained porous cell is 
desirable, or one can be made up advantageously of several 
thicknesses of parchment paper. ‘The procipitate is itaclf 
¢lectrolysed, and so transmits the action, 

242. This esas is applicable in a variety of cases: for 
instance, a powerful cell can be made with nitrate of silver in « 
porous cell and chloride of zinc in the outer cell. ‘The chloride 
of silver fills the pores and stops endosmose, while, being eleo- 
trolysable, it docs not stop the current. Such a cell resembles 
the Daniell with a silver salt replacing the copper sulphate, and 
the silver is deposited on the negative plate. 

243. Bennett's battery is a simple apparatus, well pep to 
purposes similar to those for which the Leclanché is u: The 
outer cell is a cylinder of iron, and for rough purposes preserved 
meat tins have beon used. The porous coll being inserted, the 
space is packed with coarse iron borings, which give a 
surface of the character best adapted to giving off hyd 
The excitant is caustic soda or potash, in which the zine can be 
suspended from the cover. The electromotive force is varionsly 
stated as from volt 1°15 to 1°3. My own experiments give 
1°259 when first set up. If worked on short cirenit, the 
soon lowers to less than half, and recovers after resting. It is 
a cheap battery to work, as the soda solution is easily 
by boiling 1 Ib. carbonate of soda (common washing: ') in 
4 pints of water with 6 ounces of qnicklime reduced to a cream 
with part of the water. The boilmg should be effected in an 
iron pot not tinned, and continued as long as the clear solution 
effervesces on addition of acid. It can be separated from the 
carbonate of lime by settlement and pouring off, and, if desired, 
boiled down to drynces for keeping. ‘The solution of | 

Aves a higher force than soda, but is more expensive, ‘The zing 
ces not require amalgamation, aud way be recovered im tho 
form of a white oxide suitable for pint. 
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revived form of the contact theory), for the force is set up where 
there are no di it etalsin pon tact wad” generally iti 
chemical affinity alone supplies and measures exactly the eleo~ 
tromotive force. This is also shown by the fact that in a co} 
and iron pair iron ix the positive metal in acids because it dis- 
wolves; but in sulphide of potassium, which dissolves copper, 
the copper is the en metal. This difference was very 
tily applied by Mr. Fleming in attacking the contact theory, 
ane cells containing nitric acid alternately with 
contain’ sodium pentasulphide, and connected alternately 
with bent strips of lead and copper; in the acid lead is tive 
to copper, and in the pape it is negative; so that a battery 
is composed in which t! is no contact of metals, and the 
terminal cells contain the same metal, which, being copper, 
‘ives also no contact of dissimilar metals when the iF COn- 
Risto fiom a galvanometer are connegted. ‘The combination 
pre eta yy one-fourth ae sane of pee number ae 
iell cells. It is not available for practi: irposes, but: 
much theoretical and scientific interest. oe 
246. Batteries are being largely superseded by dynamo 
ines, asa matter of economy. The principles indicated in 
this chapter may show manufacturers and others that in mar: 
cages economy will tend to the opposite As all chemi 
reactions which occur spontancously, liberate energy, whieh is 
usually wasted in practice, but might readily be converted in 
many cases into electrical work, it is evident that this “ waste 
product” may be utilized. ‘The production of metallic paints, 
solutions for dyeing purposes and many other chemical 
might well be combined with the production of electric currents 
to bring about other reactions which now necessitate the supply 
of external energy, usually effected by means of heat, 
247, Arraxoniest or Barreries—The laws which 
the mode of See of a number of cella, in order-to offeet 
ii will found in the chapters on Current and 
In joining cells, care should be taken not to waste in 
the connections ; all contacts should be as large as 
and perfectly clean. This is often neglected in moans 
batteries, particularly in Grove's cells, where the platinum: 
bent over and screwed to the next zinc; in all such cases the 
metal should be fixed to a thick plate of brass, so as to serow 
firmly to the zine. 
The eee wires should be of good size, and should be 
wound in a spiral in order to give geen Cave should 
be taken that the troughs, hoards, &c., are quite Sry, enh Tia 





A plan I have found very convenient is shown Fig. 47. 


which are secured strips bb of glass, 
y to the suitable height, in which are 
sunk holos, marked 1-6, each pair intended for the connections 
‘cell, while one row is for the whole of the zines, and the 
the positi les of the cells; each row is 
a binding-sorew + and — by 
he last hole of the row: the holes are 
and should be } inch deep: pieces of 
each end, bridge over and connect the 
ble the connections to be made as 
connected two cells in multiple are and 
The cells are placed 3 on cach wide of the 
outer cells Cu (as Daniels) have wires 
connect them to their proper cups, as have the zines, 
is out of use, the zines can be lifted out and 
x water, with corks on the ends of their wires ; 
the ean be also removed and stood in a vessel con- 
tad the same liquid as themselves ; the copper cells remain 
heir place, with covers on, and the whole is again mounted 
minute when required. It is evident that, if the battery is 
kept somewhere inconvenient of access during experiments, 
the bar A may serve only to connect tho cells, and wires can bo 
pees She ape toa second similar bar elsewhere which WAL 


pat 


wrve ouly as the commutator, Thig plan is also convenient 
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when B is the bottom of a box in which the whole battery is 
inclosed ; then the second bar A can be attached to the outside 
of this box and be the only part exposed. A should be re- 
movable for convenience of cleaning. 

249. This latter mode also is suitable with the closed nitric 
acid cells deacribed elsewhere ; these should have a rather long 
upright vent-tube rising straight up fom the cell; a tray can 
then be placed over the whole of the battery (or one to each coll), 
with holes in the bottom for the tubes to pass through, the tray 
containing lime in lumps or powder to absorb the fumes. 

Another mode of effecting this absorption of fumes is shown 
Fig. 48. Bis a bottle cut off (or a closed flask may be used), 
with its neck fitted with a cork carrying & 
Fig. 48, tube to be placed over the vent-tube of the 
cell; a tray of perforated lead C in the bottle 

supports lumps of lime or chalk. 

ll the wood should be baked, and then 
boiled in parafiin, of which a cout should 
remain on tho surfaces, and the copper wins 
should be well protected with varnish exoupt 
at the ends dipping in the mercury, whioh 
should be amalgamated and have corks stack 
on them when out of use. It should be te 
membered that when a strong current ye 
through a porous material, it carries the liquid 

with it from the zine cell, § 186; space must therefore be 
allowed in the carbon cell, or otherwise the liquid will ba 
apt to overflow. 

250. Work axp Cowsraxcy ov Cxtts—Tablo TV. gives a 
series of experiments on cells, all in like conditions, with plates 


Taste TV.—Work ann Coxsraxcy or Ceuta, 


wzinc —«. 
eee sk 


Platinized silver 


‘ee 
Bunsen's nitric acid 
Slater's... 
Bichromate 
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Taste V.—Sunsraxces Usen ix Exeornic Worxrxo, 





0. 
* Seen vulphnto 
- Manganese peroxide 
. Meroury .. 
Mereurio sulphate. 
45. Potassium cyanide. 
16. . bichromat 
Silver ra 
im cbloride ». 
= cyanide .. 
=, nitrate .. 


0000005 SK oc owes cocoon D0D 




















‘ceatatnn about 33 por cent, ICL, 
2 Nerwic Actp.—Thia. vat 





APPLICATIONS OP BATTERIES. 
‘Tame Vi—Cost of Barreny Worxro. 
Cant bx Pence. 


Fer Equl Ber tooo 
wae | Jovan 





oro438 | o°1sba | oFor4y 
Bere. ee 0°0438 | 0°07 | 0°0138 
= Gdds and enids ; oro2k4 | 0°0568 | 00090 
“Tg ©0584 | 070343 | o'00N6 
Nitric acd, Ist singe <. | 0°2590 | 071439 | o*0237 
» 9 2edatege .. O° Hoag | orobar | oo104 
‘and hydrochloric seid +6 | 0 00735 | ovo116 
Bichioeste of potash .. *. o'0bbe | a*o1o4 
» and hydrechloric acid | 2° 0°0794 | 9 O1ag 
T ednglo cell eta onnitr | o°on gs 
0° 1663 | otoxby 

"3049 | O70481 

| on3g02 | ovosga 

: 9'1671 | 070363 

376230 | 3 0192 | o-anbs 


peaking, this division at first and multiplying 143°35 


following classification will assist in tho selection, 


Taste VIL—Surrasuiry or Cetrs. 


1, Names or Barrenirs. 


Smee. 7. Bonnet’s edn, 
Daniell. 8. Mangano 
Nitric acid. 4%, Meroury sulphate, 
Bichromate, 10, Sil jorlde, 
» with HCL 11, Magueto-electrio machines. 
T Bingle cell, 


2. Uses Cxtis ane surren von—Large Currents, — 
Continuous, 
Electro-doposition n035 
be eos = 5 
f. " 2,0 
Electro 6a 
: a5 





Taduction coils 

Medical coils .. 
n ve POOKSE rn ran 
» » continuous current 


Small Currents and High Resistance. 
General telegraphs ae so kel ine) ep te pe 


Occasional. 
Domestic bells and telegraphs 
Exploding fuzes «4. 

' Testing resistances, &c. 


ait Sroonpany Barreeies.—Most operations are reversible; 
a falling weight will drive clockwork, and the clockwork will 
raise the weight. So in chemical action oxygen and hydrogen 
combine and give up energy while forming water, and an equal 
epee of energy applied as an electric current, decomposes 


water (unburns it, in fact) and separates the . In 
this action the energy connected to one equivalent H 1 
O 8 = water g, is measurable as 6840 foot-lbs., and the 
conditions represent an IDM I of 1*5 volt. In like manner, 
every chemical action which, giving up energy, constitutes 
battery or olectric generator, can be reve by means of a 
superior EMF, when it receives and stores up energy. 
batteries are therefore called accumulators; they are also called 

ization batteries because the EM F found to exist upon pains 
of plates in an electrolysed solution was attributed ori 
to some electric polarization, whereas it is simply the reaction 
of the chemical agents collected upon the plates. 

255. In the Smee cell we have zinc displacing hydrogen as 
shown Fig. 42, p. 118: let us reverse the direction of the force, 
as shown by the arrows, adding also a molocule of water H,O 
which is to be decomposed ; then we havo Zn SO, + HO which 
becomes changed into Zn 4+ SO,H, + 0; the zino is separated, 
sulphuric acid formed, and oxygen set free, provided there is 
nothing for it to unite with. 

256. In the Daniell cell we have gine dis) erie 
from its sulphate, CaSO, + Zn becoming Zn 40, + Cu, gi ins 
ppaseresion of an EMI r*079. By the application of maple 

we can reverse this process, and by electrolysis of zine 
sulphate from a copper anode convert W into copper sulphate 
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duced temporarily by means of electric energy. In tho or” 
dinary battery the superior + quality of the zino sets up the 

condition of polarization and renders the other plate — in 

condition and polar order und attractive power, although its own 

nature is + as related to the acid, but + in a lower degree than 

zinc is. 

260. If then we use two plates equally + by nature, two zine, 
two copper, two platinum, we have no polarizing force present: 
but if by any means we can set up differential attractions at the 
plates, the force comes into existence. If we insert an electria 
source in the external circuit, we polarize the two plates in 
opposite directions, and give them this differential attraction 
for the ions of the electrolyte, to an extent depending on the 
EM Favailable; that is on the difference of potential wo can 
set up between the plates, Again, if we modify the plates 
themselves by cae thom with diffurent substances the same 
offect is produced. If one of the platinum plates is lifted and 
exposed to the air its attraction for hydrogen is increased by 
tho film of oxygen absorbed. 

261. If we pass an electric ourrent through the two platinum 


plates in acid, we coat the plates, one with a film of byirogeas 
and the other with a film of oxygen; thess two films now 
become the active agents, and their attraction for each other, 
reacting across the chain of intermediate molecules of the 


other substances havin, iy ther, a 
necessarily set up by iipieee of clectrolytic coco aeeas 
Thus ‘with loa plates, the hydrogen reduces any oxide and is 
rtially occluded in the lead, producing a + plate of lead or 
pvaiceen representing the zine of the ordinary batteries ; the 
oxysen produces peroxide of lead, representing the nitric acid 
ofthe G or other powerful oxidant, 
262. It is important at this stage to avoid some probabla 
- confusion about and plates, the more especially because: 
Dr. O. Lodge in his valuable series of articles on accumulators 
in the oh biomes has contributed to this confusion by using the 
term -} plate for that connected to the + pole of the sours 
while charging, and which becomes the + pole of the battery 
whon discharging. Bat to obtain a clear idea of the relations 
of the secondary and primary battery the samo terms must be 
used in the same sense, and the wor te in tho bat and 
its character as + or — refers exclusi to its relation to the 
electrolyte, and to direction of the current within the battery, 





act together 
cal oul 


as o fly-wheol fulfils in mechanism. This is probably the trae 
use to which secondary batteries will be mainly appli But 
in most cases automatic commutators would be required to vary 
the counections to suit the changing conditions. 

265. History.—The reverse current arising from plates of 
the same metal which had been used in a voltamoter was first 
observed in 1801 by a French chomist, Gautherot, The same 
observation was mado in 1803 in Germany by Ri who 
endeavoured to utilize the reaction: he made a Vol! 
plates of gold, separated by pieces of cloth moistened wi a, 
and subjected to the action of an ordinary Aes: of 
sufficient number of plates to send current pa i first 
theory of the action was, naturally, that some of the 
electric fluid was soaked up by the plates; that in fact it waa 
an action of surfaces receiving charge, and that the secondary 
pile was in fact strictly analogous in its actions to # condenser. 

‘The chemists, and notably Becquerel, soon traced the action 
hy means of saline solutions to the presence of acid and alkali 
at the opposite plates, and in due time the discovery of Grove’s 
gas battery convinced tho scientific world that the return 
current and “counter-electromotive force” were not due to an 
accumulation or storage of electricity, but to the presence of the 
substances having chemical affinities toeach other, derived from 
the previous decomposition: that the counter-carrent was in 
fact originated on precisely the same principles as those of the 
ordinary galvanic cell: it was merely a different mode of 
charging a cell with its active ingredients. 

266. The subject was studied by many, and nearly everything 
that is known even now, was discovered long ago; but it was 
simply a matter of scientific interest and theory with! the 
age ility of some very limited applications. 

'r. Cromwell F, Varley employed o series of zinc and carbon 
plates mercurialized (in fact the Marie-Davy ool, § 237, 
to take a slow small charge, and deliver it up am a 
powerful current for transmitting time signals tn i 
with the Post Office. His cells consisted of two carbon 
standing in troughs of iercury, with sulphuric acid 1 to 4 of 
water saturated with zinc sulphate: 20 cells slowly charged 

from 150 Daniells of high resistance gave an are of} tod isch 
for 20 minutes. 
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in the same space, by moans of the larger bulk of the oxide 
ready for immediate action. It was at once |, by those 
interested in the now cvll, that woight for weight it 40 
times tho capacity of the Planté, but oxporiment by others 
reduced this to a very small superiority, in fact to one and a 
quarter times tho capacity. Then followed a host of *inven- 
tions,” some of which were associated in duc course with the 


cme ate of 


=i 
s* 


‘su of peroxide of lead, in quantity adequate to the 

ee ote do it effectively; the diMiculey is to unite 

two. When a current is first passed between two 

lead in sulphuric acid from a source capable of freely 

posing: water, that is with an E MF exceeding 2 volts, a 
m 


lin 


zs 


ts 


beoomes necessary to allow a poriod of ee Now, 
Leeal action occurs betwoon the surfaces of load and peroxide 
in contact in presence of acid: precisely the same conditions 
exist there as enable the two separnte plates to gonorate ® 
current. 

271. This action, the source of the VOLE vf Yee wesonary 








z 


SECONDARY BATTEUIEG, 


duration of useful charging becomes a couple of hours 
limit it becomes necessary to give intervals of rest between 
charges, during which tho local action described § 
eri these rests require i i" 

even weeks; x the proaches capaci 
storage intended, the current should not be reversed, but 
cell hould simply be charged and discha as if in 
work. The process of this forming, therefore, occupies 
months except with very thin plates, and if pushed too far, 
whole substance of the plate may be converted into 
which would render it liable to break up and would increase 
resistance, 


fl 
tied 


ose but lead is a very Peers iri decoy 
unlike other metals it does not spread as an even film, will 
dart out in fine arrows from points on the surface, which either 
fall off, as they lengthen, or close the circuit to the other 
plate—for this reason the presence of lead salts in solution, 
or the use of acids, &c,, which will dissolve lead, is very 
objectionable. 

ie Amalgamation of the lead has been employed and is patented 
b age Higgs, who claims its first use. It is by no 
al at it is an adyant on the whole: it must 
weaken the lead, and therefore load to fracture 
It is not desirable or useful at the 


rey the aasony Si 


peroxide, w! fore \ends to 
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watchod : if lead vessels, or wood lined with coment or other 
ue vossols are used, they should be covered with sheet glass 
for this reason. ‘They must not be entirely closed, becanse 
are generated and must be allowed to escape; they not 
be uncovered, in order to resist evaporation and also for preven= 
tion of dirt which would be likely to result in short cirouiting 
ie pales, 4 thing very likely to oceur and obviously injurious 
‘to the working, § 298. 

282. para acid must be allowed, sufficient to offect the 
action, therefore the distance of the plates must be so adjusted: 
circulation cannot be depended on, but it is desirable to raise the 
bottom of the plates above that of the vessel, and to allow the 
liquid to riso above them, in order that the heat and escape of gas 
may tend to produce a current, and to draw the external acid 
between the plates. One pound of lead requires 4 1b, of acid to 
convert it into sulphate, and as by the foregoing proportions 
any would be } 1b. of egy ais sonra oe on the me re a 

opposing per square , this requires space 
acid, which Sitnted a8 1 to 10 would be contained in @ space 
of 4 of an inch between the plates. 

283. The strength of the acid varies during the action, becoming 
at st when the charge is complete and one plate is con- 
verted into spongy lead and tho other into peroxide: when dis- 
charge is completed a great part of the acid ix absorbed in the 
formation of sulphate of lead. Several consequences result: 1, 

resistance of the battery is lowest just when its EME is 
highest and vice tered, which introduces a variation in the 
current generated at different periods of discharge; 2, where 
the material consists of a porous mass containing liquid confined 
among its interstices, the acid may be entirely removed at an 
early period of tho discharge and consequently much material 
remains unacted on; also, the residuary liquid being highly 
resistant at the noxt act of charge, the current cannot reach the 
material. As a consequence a cell containing a lergs mass of 
active material may*be able to do but little work: defect ix 
also an acoumnulative one; portions of the mass become 
tically non-conducting and insulate other portions to wl the 
acid has access, because in very dilute acid, instead of the normal 
sulphate PbSO,, there is a tendency to produce the basie sulphate 
PbSO,+PbO, which is not readily reduced by hydrogen. Tt is 
owing to actions of this kind that the plain té with its thin 
film of active agents, presenting a surface freely bathed 
by circulating liquid, works better in the long ran than the im- 
ved forms which concentrate a large tauss of active material 
72 4 small space. 








184 BROONDARY BATTERIES, [286. 
through the two plates, of which, however, they do not give 
the area, 





$230 





Total Capacity .. 4574 


‘The figures represent cubic contimétres, and as the onygen 

stored exceeds the capacity of the matorials it is evident 

either the plate itself received some or else a lange quantity 

remained “occluded.” Bat the figures for each hour's action 

show distinctly the lowering capacity, and the unwisdom of 
fast. 


pushing the process too far, or too fast. 

286. Oceluded gases.—It is generally thought that hydrogen is 
retained by the spongy lead, § 258, as it is by palladium, but 
recont tests render thisdoubtful. Oxygen, however, is 
retained to a considerable extent, as is shown in § 285, and also 
by its actual escape from the plate while at rest after change, 
A little hydrogen also is certainly retained, as we know that 
metallic surfaces always retain with great tenacity a film a 
gas to which they have beon exposed. ‘Tho bighor initial EM 
has been attributed to these gases, §287. It is probable that 
the oxygen is in the form of ozone or peroxide of hydrogen rather 
than of ordinary oxygen, and the formation of these substances 
may be expected from the high degree of EMF under which 
the decomposition occurs to enable peroxide of lead to be 
formed. 

287. The electromotive force ia about volts 2°25 immedi 
after charging, but falla spontaneously to volts 2. This hi; 
initial force cannot be due to the free H and O, because 
form of combination is only 1°5, but it is easily accounted for 
by the presence of ozone, which is oxygen charged with a bi 
energy in order to force the third atom of O into the moleoula, 
The normal EMF of 2 volta is subject, in working, to a fall 

such as occurs in ordinary batteries to an extent incrousing with 
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woighs 22°13 kilos. The box is of pitched ht ede ed 20 xe 
om,, weighi iF 10 kilos, with its cover, The | 
weighs rf kilos. and is said to contain 375 amptre hours of 
current with an EMF of 2 volts, Other smaller types contain 
aoe 150, and 75 ampére hours; the last with a weight of 

8 kilos. 


291. De Meritens’ cell was the first modification of the Planté 
The plates are formed of thin sheets of lead placed one over the 
other like the leaves of a book, and cut off in slices, and the ends 
soldered together to unite them. The result isa block of lead 
about one-third of an inch in thickness penetrated with a vast 
number of slits in which the action is carried on, and which 
become filled with peroxide of lead in the one block, and 
spongy lead in the other. This gives much concentration of 
material, but the formation has to be effected as in the Planté, | 
while it is evident that the action is limited by the amourit of | 
liqnid which penetrates between the films of lead. 

292. Kaboth's cell is a modification of the Meritens; it consists 


a 
while preeecting the plates against accidental contacts. It 


would appear that the double corrugation ia a disadvan! 

because it must resist the formation of currents between 
plates, by the ribs crossing each other. . 
293: feesra. Fitegerald, Crompton, and others have united im 
producing a battery plate composed of a thin sheet of lead upon 
which is built up a coating of spongy lead derived from the 
reduction of chloride or other salts of lead sulmnitted to & 
certain amount of pressure by which the particles of lead are to 
some extent wold together, and made coherent, This results 

in plate of large capacity and of very rapid “formation,” 
whether it overcomes the difficulties of § 283 will have to be 
ree patie) end that these cella ly improved 

it found that cells are very great! 

by using, as the hydrogen TeCeNOR an cleceoesiaa 
posed of mixture of granulated wml ret ea. Gud 
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So Sxhy Sims) be ranged in series that the number mull 
the EM F is #0 much below the charging EMF as 


i 


the intended rate of current to pass; such rate bei 
below the proper working densify suited to the area of 
It is of the utmost importance that all cells to be 
together shall be fairly equal, for as in a chain the cay 
a combination is that of the weakest link: if some oolls 
inactive in discharge, they are not merely useless, rit 
to take charge in the opposite direction and chp their 
If several sets in multiple are differ in EMF, which 
occur if their conditions differ, some of the sets 
. or if left so connected when the source i 

they will bo reversed and the wasted. 
‘The charge should not be to more than three-fourths 
of the capacity, Tho discharge should not be carried further 


ue 


Hell 


than three-fourths of the a actually stored; and the 
uw 


bai should not be chargod, 


voidablo, long before it is 
intonded to be used. 


N.B. Galvanometers should always be kept in cirouit to 
give warning as to what is going on, and automatic ent-oute 
are very useful in case of a failure of the source or other 
accident. Such appliances are easily made with an electro 
magnet inserted in the circuit or in a shunt ciroult, with & 
permanent steel magnet for the armature mounted on a spring 
aud completing the circuit only when held down: the attrac- 
tion of the armature for the core will hold it down ordinarily, 
but if a reverse current arises the armature loaves the maguet, 
breaks the circnit, and can bo made to ring a bell to call 
attention. 

299. Work pone By Secoxpany.—It is assorted by somo that 
these batteries will return 90 per cent. of the energy stored: 
but words can be used to delude, and probably if pushed to 
explanation we should find electricity substituted for energy. Tt 
is quite likely that go per cent. of the electricity, reckoned in 

coulombs, might bo obtained, provided the tattery were used 
not Jong after charge. 





‘ENERGY RETURNED IN WORK. 
Baresi Sa i fact current micltiplied ‘by ts 
eecear nia a Has, 


Quantity of ann 
Cent of Siobes = ratio of useful work, 


these large currents the coulomb is too small a unit, 
ia becoming common to reckon by “ampére hours,” that 
by the quantity represented by an ampére current 
for ad card seconds, so that “ampére hour” 


be. 6. 

a small part of tens What we are really con= 
tho energy, and this is related to C x 1 and may be 
“yvolt-ampére hours” It depends upon the Wil Fr 
© current, and as the EM F of charge must exoced 

and robably exceed it by one-third, we 
which cannot be defined for all 
it will depend upon the ratio of the external and 
ces. 
ives us the loss upon actual storage, but we must 
act of charge, the energy carried away in 
§ 285. And when all these are considered 
certain that, on the average, the use of storage 
means the loss of 50 ies cent. of the energy, a8 
compared with direct working. ‘This means doubling the coat, 
irrespective of the value and expense of the battery itself: it is 
da though only one-half of the gas put into a gas-holder could 
be delivered from it, and this is why secondary batteries have 
come into little use, notwithstanding all that was hoped from 





CHAPTER VY. 
MEASUREMENT. 


300. The great distinction between modern and anciont modes 
of investigation is that modern science is based wy ‘exact, 
minute measurement, so that causes and effects are traly balanced 
and actions traced from point to point; then when different 
branches of phenomena have been traced to their connection, 
an explanation, a theory can be arrived at: the science “ falsely 

led" of the ancients was vague, the theory or conception 
was first set up a priori from a general view of phenomena, and 
then the facts were fitted to it as well as they could. 

Electrical measurements relate to the three divisions, $§ 168- 
70, electromotive force, resistance, and current, and the general 
thoory will be explained further on, but it is better to commence 
with the facts the theory is based upon, and the instruments 
in use, following, in fact, the proces by which the =e 
aes has been developed, and commencing with the 
phenomena of current. 

301. Measurement or Current.—This may be effeoted 
three actions of the electric current, § 147, viz. by the 
the chemical, and the heating effects, which are examined by 
instraments called Galvanometers, Voltameters, and Calorimeters 
Fach has its use. The galvanometer interferes very little with 
the actual passage or work of the current, and indicates, 
the motion of a magnetic nocdle, the actual current Passing at 
each instant, and therefore any variations 
voltamoter measures the total quantity of electricity wwhrich haw 
passed in a given period, or which is developed during a given 
action; and the calorimeter testifies to the relations of energy 
to the electrical work done. 

302. GaALVANomeTERs.—When a magnetic needle and a gal 
vanic conductor are placed parallel with each other, they tent 
to place themselves at right angles to each other; the action is 
reciprocal, either the magnet or conductor will mayve, but the 

motion of the necdle is obviourly The inoek eonventent for mss 
Tf over @ magnetic needle at rest, and in Whe same 
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single bichromate cell will do the work effectively. ‘The ooils 
should be marked to show which end gives N, polarity when 


Fre. 49%, 


connected to + of the battery: astatic pairs are of coursd 
inserted separately in opposite directions, 

305. Suspension.—For delicate instruments, the only satis: 
factory suspension is by a silk fibro, or such a throad of will na 
may be drawn from a ribbon; hairs are sometimes ured, but 
they offer a strong resistance to motion. The fibre should be 
attached at its upper end to a sliding rod (in good instruments 
a compound screw is used), which lifts without twisting the 
fibre. For ordinary instruments with a single needle, an agate 
contre fixed above the needle is used. Double needles may be 
suspended in a similar manner; the agate centre is first fixed i 
a thin brass tube by turning the edges lightly over it, thé 
upper needle is then attached to it, if double by placing one 
part on each side, if single either by a hole opened in the 
middle or by doubling over the top and bringing down on ecb 
side so as to grip tho tube firmly, and then oa lightly 
with solder, or an indicator may be similarly fixed. o lower 
needle may be made of two pieces of watch-spring, one fixed om 
each side of a very thin light tube, the ends of the needles 
drawn together and soldered or riveted. The tube should be 
under } inch in bore and fit firmly upon or in the upper tube 

carrying the agate, and when the two needles are exuotly 
adjusted a touch of solder will fx the thes together, on, if 
Preferred, the junction may be wale Wy wetewing, "So wAguk 
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alumininm alloyed with a little silver being best, or of a thread 
of black glass, which may be drawn out over a Bungen’# 
or spirit. Py by heating a small rod or tube (such aa a bugle) 
to fusion, and drawing the two ends rapidly but steadily away, 
A more correct indicator, haying no weight, is obtamed 
attaching to the suspending wire a mirror made of a circle of 
microscope glass silvered, upon which a ray of light is allowed 
to fall from a shaded lamp placed upon the continuation of the 
zero line of the instrument. The mirror is attached to the wire, 
or in Thomson's reflecting galvanometer, to one of the needles, 
by shellac varnish, or by a coment such as it 

309. Asraric Neepues are a pair of neodlos fixed upon a wire 
‘or & tube, as above described, with their polos in copia 
tions, so ax to neutralize each other: if perfectly adjusted they 
would have no tendency to assume any particular position. 

It is often stated in text-books that such needles place 
themselves E. and W., and an elaborate mathematical 
tion is given. Fig. 51 explains the cause simply, NS, #4 
are two oppositely arranged needles, which are not arninged 

exactly in the same vor 


tical plane (this being of 
cL 


igure): 
the resu 
virtual magnots or fields 
at the opponite ends, both 
having same direo- 
tion, a8 shown by the ar 
rows; these virtual mag- 
neta place themselves in 
the usnal N.S. position, and a8 a consequence, the visible «ystems, 
which is 4 neutral one and serves simply as an indicator, places 
itself E.and W. This occurs only when the needles are exactly 
equal. In practice it is necessary to make ono of the neodlés 
80 much more powerful than the other as to bsing the 
to rest upon the zero line: the upper needle if Soe ee 
does this by its greater “ moment.” 

310, Magnetism of needice.—'The actual strength of the 
neelle’s magnetiam has no effect upon the deflection, 
indirectly by the relative effect of the resistances of 
support; two exactly similar needles will be alike deflected, 
thongh one be strongly and the other weakly 
The reason is that the needle is affected by two forces, the 

effort of the current and the earth's ma ficld, and these 
are equally reacted on by the newile i “Dake ayytven oak 
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When an ordinary single needle is placed at the contre ofa 
current moving in the plane of the meridian, this 
needle is deflected to a cortain degree it upon the 
strongth of the current. In this position it is influenced by 
two 1 and opposite force, the valuation of either one of 
which, therefore, values the other. 

Of these two forces one is known—that is to say, the action 
of the earth's magnetic field upon the needle, and, if we can 
express this force in some definite Rice we have equally the 
measure of the galvanic current, which, in the given ciroum- 
stances, exactly balances it. 

The effect of the number of turns of wire and their position 
is explained § 327. This is cai explained in text-books 

a vast array of formule ; but unfortunately, as with many 
othor highly wrought mathematical formule, they too often 
tond to hide away out of sight the real principle which gives 
them existence. 

The student should clearly realize that all the theories and 
lawa set forth as to the influence of distance of the wire from 
the needle resolve themselves simply into this one point, the 


development of the magnetic field due to the enrrents im the 
wires, 


the same. This object is attained by different writers by 
various aeetie of ae * will quote ea fg la Rive, 
vol. i. p. 338, a8 being about the simplest iow, by su } 
tha ete of deviation Neotel by the penile aaateeaiad 
action of a current i it back, 
into the magnetic meridian, and which produces oquilibriam to | 
the deviating action of the current, would be f sine &, f boing 
the force of the terrestrial magnetism for the angle whose sine 
is 1, viz. for the angle of go”. the other hand, if F by ities > 
the action of the current upon the needle when the is 
placed parallel to the current, this force will become F 
«when the needle makes an angle é with the direction 
enrrent; for F cosine ¢ is the component of F acting, 
the angle i, F cosine i, therefore, is the expression of 
deviating force of the current wp the needle, When the eagle | 
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easistion tat, a cree ala mal to f sine #, since it 
makes: equilibrium with tla (i eo i eg ery 


deduce F=f OE = tang i. But fis a constant quantity, at 


Teast in the place where the observation is made, because it is 
the directive force of theearth. Therefore F’, or the force of the 
oS Hi hls cei leas angle of 


8; we How measure re at once, ta are 

I tothe eine of the snglo of deviation. Let us now 
mathomatical heresy, and declare that the sine of an 
it of an west are the sane thing, but in 

any ma may notice this assertion not 


aL 


_-88l-- 


MEQUAL PARTS 


; 52 will assist readers unfamiliar with wi ew 
terms often met with. The vortical line forms 
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between noon and 3 pm. when it returns to the enst, in both 
cases, a8 though the south pole were attracted towards the sun; 
these variations increase as the magnetic latitude increases. 
‘The needle occupies the mean zero position about 10 a.m, and 


pm, 
319. Tue Taxcenr Gatyanomerer.—It is best to commence 
the study of galvanometers with an instrument theoretically 
rather than with those which are merely simple in 

. The tangent galyanomoter then is simply one in which 

the srogeing princi, are carried out; that is to ay, one in 
which the magnetic field, generated by the current, is so large 
that the motion of the magnetic needle within it does not 
materially change its relations to that field. Therefore the 
essence of a tangent galvanometer is simply that the coil of 
wire conveying the current shall be a circle of # diameter 


visible and one beyond 
binding-screws, The ring of 


ries in its middle 
rounded bya rim 
glass cover can be pl 
needle may be sty} 
steel point in the 
dial, or (which is 
suspended by a sil 
the middle of the small 
wood or brass B also 
the ring; this can be best adjusted to centrality, so as to 
pensate for any slight want of truo levelling, by an 
similar to tho mechanical stage of a microscope. 
shown an instrument of three circuits, thrown into 
by a commutator G, working under the stand. The end of th 
first circuit, i.e, the stoutest conductor, is soldered 
wrew —, the other ends are taken to three 
wires being slightly let into the wood; a 
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For any diameter, cate H the carth’s horizontal intensity, 
r the ius of the coil, d its diameter, L length of wire in 
coil, all in metres, n the number of turns, @ the angle of do- 
flection, and C the current strength in absolute (metre-gramme- 
second) units, we have:— 


r H ad 
NS at Alar bbalnr a Toren Fi 

Tho result will be expressed in motre-gramme-second units, 
and multiplied by 100 will give the current in ampéres. 

Deflections exceeding 60° are very unreliable, because of the 
rapid growth of the tangential scale, Even at 50° a single degred 
means three times as much current as at 10°, fourtimes at 60°, 
and eer at Bo", Ko oe the ules frets in i 
becomes o} at importance at these angles. 

324. Other ¢ candies Tn order to obviate the small errors 
of the single ring system, when the ring is not very large, two 
rings are occasionally employed, in order that the needle, being 
suspended between them, the errors due to its motion may com- 
pensate each other. This, however, tends to introduce 
error affecting the smaller deflections, and therefore of more con- 
sequence than the other, which tells mainly upon the on 
ratively useless large deflections. It is also stated that 
deflections aro accurate if the wire is wound upon a section of 
acone, of which the needle forms the apex, at a distance of one 
fourth of the diametor of the nearest coil of wire. In neithorof 
these forms is there any defined law of construction, and the 
chief barecines of the double ring form is that the resistance 
may be lower by dividing the current, and the bes of 
regulated by distance of the rings. It would seem that 
these forms are more expensive and difficult of construction 
than the simple ring, and that they have small advantage over 
it, if the ring itself is made of a width at least equal to the 
length of the needle and of sufficient diameter. 

An approximately correct tangential instrument can be con- 
strnoted of a circular shoet of metal, wbout twice the diameter 
of the length of tho needle, especially if a com, cireular 
needle system, § 307, is employed. An instrument of this 
type is used in America, provided with a system of flat colle, 
such as are employed in ordinary galvanometers, and the 
excess of action of the upper sides beyond the reverse action of 
the lower is availed of to produce the deflections. The influence 
of such a system upon the magnet is largely influenced by the 
distance betweon the needle and the wires, | 

925. Tux Sixe Gatvaxomerrn.—In § 313 it is shown that 

| 











208 MEASURESLENT. [330. 


for calibrating galvanometers, By placing the instrament in 
circuit with a tangent galvanometer graduated in ampéres, I 
obtain « series of corresponding deflections which I transfer as 
radial lines upon a paper mounted upon a table having a large 
quadrant drawn upon it, and fitted with an arm working on a 
centre pin, Knowing approximately what the curve will be, I 
run a pair of compasses, open to a suitable apace, over 
lines, and thus obtain a curved line which can then bo divided 
into equal parts, and which acts as a scale, several fest in 

ngth, from which, by means of the radial bar, the actual dial 
of the gulvanometer is easily and correctly drawn. Such a set 
of curves is shown in Fig. 55. 


330. One object I have aimed at in galvanometers is to 89 
construct them that the action of any of the horizontal seetions 
should be equal, and such that it should ¥ ry as the number of 
turns of wire occupying that section, This can only be really 
accomplished on condition that there is no central opening, but 
ation of the several cury . 54, Will show that it 
will be effected whenever all the lines representing currant 
‘an equal space. Therefore, as the wire ocoupyin| 
jon, has a great power in the # 

ng, that power can be reduced by extending the layer 

of wire to a distance at which its powor is small. 

Of course this diminishes the actual power of the instrument, 
because the object is not to use the wire so as to produce the 
utmost effect, but to obtain a particular result. In this way I 
have produced circuits of 1, 10, 160, 1000 turns, which, with 
those resistances in circuit, would each produce a deflection of 
34° with a current from the same Daniell cell. 
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332+ Sprague's Patent Universal Galeanometer.—This is 
instrumont consisting of several circuits so following 
other in power as to give continuous readings eet 
and cs to Geely current and ren 4 he a aetna 
units, and is constru to carry out for 
and to act precisely as a tangent nirinonehes ye fare 
needing calculations. It in fact combines within itself a series 
of instruments.” 

333+ For convonionce of amatours who may wish to construct 
an instrument of this kind, I describe a simple form with three 
circuits. 

Fig. 56 represents a stand with three levelling screws ; on it 
are fixed tho coils of the galvanometer and a commutator for 
throwing different lengths of wire into cirenit. The coils may 
be made in one frame on a flat copper tube, or, as is usually 


done, in two parts, one on each side of the needle; the of 

the frames are secured to the stand either by brackets, or 

made of wood, by brass screws passing pnees the 

Even if made separate, the two sides of the hou 

mounted together on one mandrel for winding, so as to distrib 

the wires equally between the two. The chamber within 

coils in which the magnet plays should be 2 inches and 

Z inch deop, and the frame made 3) inches long and + nth 
* Thave one which, commencing with the carrent of « largo Grove 

ampires, measures the whole range of currents, direct and without 

that pasting through an illuniuated vacuum tabo, 
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ways described § 308, 60 as to play within the central space ; 
ona point a long needle may be fixed in a 

brass and screwed up through a hole in the stand 
middle of the coils, with its point somewhat above the ler 
opening in ch mie to uss te mule hogy a 
opening in the middle to pass the noodle 
cover should go over all. s 

335: The graduation can be effected as before described, 
the following values will approximate to the readings, if 
exactly as described :— 


Fe afer 


Eg 


Chemics, Degrees, ‘Chemlos, Degrees, Chemica Degrees. 
5 ne ; 4 9 58 
» é 
H Hi 


instrument—has its uses, but its indications cannot be relied an; 
they vary with the varying magnetism of the needles, because 
the resistance to motion is not otism of the earth but 
the extra weight of the lower parts of the needles; the elie! 
advantage is their instantaneous action, as the needle does not 
vibrato as in the horizontal form, and their ready visibility from 
a distance, which specially adapts them for use as mere i 
in a circuit, as in § 298, 
The Feeney bo uae if the axis of the needle: 

is pointed at the back so as to work in a cup, ineliaiegs 
ary and 60 diminishing the height Tog wl “ 
weight has to be lifted for a given deflection. This form is fn- 
quently usod in pructical operations, such as testing tell c 
wires, from its portability and genéral handiness, and in 
casos it is usually made with a double wire so as to be employed 
as a differential galvanometer. ‘The construction is the suine 
that of horizontal instruments, the difference being in the 

of suspending the needles and the mounting im a case. 
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other a resistance instrument, by altering the latter till there 
is no effect upon the needle it measures the first resistance. 
Multiplying ratios are given to the instrument by means of 
shunts, § 460, ‘hese aro provided to one or both the cirouits in 
such way ax to open other paths to the current and allow yy or 
ybo of it only to pass the coils; then the actual resistance 
inserted in the other circuit has to be multiplied by 10 or 160 to 
give the resistance which it balances. 

Tn using these instruments, when the resistance to be measured 
is equal to or greater than that of one of the wires, the resistance 
and rheostat should be inserted in the circuit as deseribed ; but 
if the resistance is less, it is better to couple the two cirenits so 
as to neutralize each other, and to use the rheostat and ne 
sistance to be measured, as shunts, one for each circuit. 

339: Tuomsox's Reviecror.—This valuable instrument is 80 

mrely technical in its uses, and acarcly, employed except for 
Talicate telegraphic purposes, that a full description is hardly 
required here, especially as it is rarely likely to be made by any 
one not familiar with it. It is usually constructed upon & 
vertical brass plate abont } inch thick, securely beige 
pillars upon an ebonite stand. In the plate and mpon each 
of it are turned circular recesses, leaving a thickness of les 
than }, the centre of which is also entirely cut away, as well as 
a vertical space in which hangs the needle system. Four reals, 
about } inch wide and of 2 to 2) inches diameter, of bats or 
ebonite, with a central tube of finch bore, contain the wire, aud 
are made to fit into the recesses of the plate and held there 
either by large headed screws or by turning small catches 80 a8 
to grip the edge of the reels, The coils are connected in pairs, 
leaving four ends which are connected to binding. 80 
that if the coils are exactly alike and carefully adjocted that 
may be used differentially, or at any rate be connected variously 
as described $ 337. In some cases also there are double wires 
used to make the mstrumenta truly differential one. At 
to the pero desired, different sized wires aro used; but fino 
wire (No. 40) is generally used, and a resistance of 3000 oF 
10,000 ohms laid on. 

‘The needle system consists of two pieces of watch-wpring 
2 inch long, comented ype an aluminium wire $0 a8 to bag 4 
tho middle of the coil tubes: on the upper noedlo it 
cemented a mirror made of a microscopic cover silvored and 
inclined so as to reflect a little upwards, and « slip of mica 
fixed across the lower needle so as to act usa damping vane, 

Jimit the play of the needle. At the toy of 
plate, and in a holo drilled exactly down Yoo central 
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wire with a hole in its lower end to which is hooked a 
attached to the aluminium rod of the needles: this 
should have as much length as possible given it, and by 
slightly raising or loworing the rod the ucedles can el peopeely 
arranged for work, or lowered 80 as to take their weight off the 
file when moved about; this needle system should weigh 
altogether only 3 or 4 grains. The mirror is sometimes m 
somewhat concave, 20 as to concentrate the light at a given 


The instrament is covered with a cylinder of glass with a flat 
top, from the middle of which rises a brass rod fitted with 
tangent acrew to move od papal round, ‘Tho rod carries a 
sliding tube on which is fixed a curved magnet, by altcring the 


ion of which the needle is controlled, as to delicacy by the 
ot, and as to position by'the line in which 
lacel, 80 as to supersede the small directive 
rth upon the uearly astatic needle system, which 
controlled by this magnet owing to its greater 

upper needle, 


40. ‘The indee tthe beam of light reflected by the mirror 


from & lamp placed behind a screen 2 or more feet distant : 


, surrounded with light enough to enable the 
to be observed. The light is improved also by being 
ged some distance back, with a reflector and concentrating 
i to the distance of the mirror, so us to get a bright 
spot does not require so much darkening of the operating 
room, 


The screen has npon it a acale of equal parts mounted on a slide 
for adjustinent, and the whole is to be so arranged that tho 
eae tine or es is upon the zero line, and is eqnally 
Heflected to either side with reversed equal currents. The best 
soreen is one of glass made translucent by grinding or by means 
of suitable varnish, wpon which tho seale is engraved. is 
form of scale is pluced between the observer and the instrument, 
anil should have a framework of black cloth around to throw it 
Up; it can then be used in diffused daylight. 

‘The deflections within the small limit of play allowed are 

to the eeeeat Ch oles of dei pee ani con- 

sequently, to astraight line divided into equal parts formin 
tho soale: an absolute value can be given to RSA RAMOS. te 
with the tangent galvanometer, by asoortaining the valus of one 
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deflection ; but this value will only hold for the same distance 
of the seale, which distance can therefore be adjusted so a8 to 
bring the unit deflection of, say 100 parts, to some decimal 
submultiple of the ampére, 

34t- A shunt is always provided with the instrument so as to 
send yoyo, ro» Yo OF Bll the currents into the coila: by using 
these as accuracy of measurement is approached, observations 
can be mado without throwing the needle about too violently. 
Tho instrument must be absolutely steady, and therefore fixed 
upon a brick pillar, or upon a shelf fixed on « solid wall, other- 
wise the spot of light is always dancing about, and it is 
impossible to make any useful observations. 

342. Gxrmay Sitven Wine.—For purposes requiring a high 
and constant resistance galvanometers are best made of German 
silver wire, owing to its smal] variation of resistance by tem- 
perature. But this only relates to external temperature: as 
relates to the heating eflects of the current itself German silver 
wire is worse than copper, and therefore variations in the ratio 
of shunts will be greater with it than with copper, German 
silver increases its resistance only about } as much as copper, 
but a wire of the same size would have 12 times the 
and therefore collect in it 12 times aa much heat from the pass- 
ing current. German silver wire ia most useful in a galvang- 
meter intended to measure electromotive forces by the process 
described § 506, in which o high resistance is needed and one 
uniform in all experiments. Brass wire may also be used for 
the same purposes. But for all ordi purposes wire of the 
very highest conductivity should be employed. 

343- Stouetas or GaLyAxomerEns.—It is usually stated that 
the best conditions for a galvanometer are that its resistance 
should equal that of all the rest of the cireuit. This like the 
similar statement as to batteries, is apt to mislead. Mestefance 
as euch has nothing fo do with the matter ; it is always a disadwan- 
tage, excopt for special purposes as just noted, it resistance, 
in wound-up wires, carnes with it the numbor of turns of wire, 
and consequent power; therefore in 4 given space for coils of 
wire, that space should be occupied by stout wire in a cirenit of 
small resistance, because fine wire would introduce # usilew 
resistance; with a circuit of large resistance fine wire must be 
used in order to get sufficient effect. Buta fine wire instrament 
can be utilized by means of shunts, § 341, which divert art aaa 
current from them, reduce their sensitiveness also thi 
resistance of the Cas opie 

There have been a great variety 
Bseecaoed of late to suit the growing applications of electricity © 








gies thermometer shows the temperature 
with the specific heat of the liquid, gives 
‘actual heat, expressed as 4 quantity. ‘hus, if a pound of 
is used, each degroe represents a unit of heat, and if the 
of the wire is 1 ohm the calculations are very sitaple. 
354 Hearixo Evrecr vrox Woem.—The formula in § 352 
the actual heat as quantity of energy; but another 
consideration of moment is the temperature to which that 
quantity of heat can raise a particular wire. This depends upon 
mveral considerations, such as the weight of metal in the wire, 
and the specific relation of the metal itself to heat (see $ 12, 
155, aud 355), i.e. its specific heat, A general formula may be 
not reckoning, however, the heat lost by radiation and 
conduction, § 489. 
© = Current in ampéres. 
= Resistance of wire in ohms. 
W = Weight of wire in grammes, soo § 356. 
4 = Specific heat of metal, 
H= Tse of temperature per second in degroos Centigrade. 
pees = Calories equivalent to ampére, seo § 390. 


He= Beta coco ar apsee Oe Copper Dog. Fahr. 


xe f W (grains) 

355. The specific heat of metals increasos as they approach the 
temperature of ;.and, therefore, platinum varies less than 
other metals. The following figures arc the average between 
o* and 300° C. 

Specific heat, ‘Melting point. Specific gravity, 

“101 3 8g 

“121 


Deg. Centigrade. 


The 4 heat of alloys is the mean of that of their com: 
nents, and is ascertained by multiplying each specific heat 
the percentage of the metal and dividing the sum of the whole 
by roo. This only holds good at o distance from the melting 
eae which are usually not the mean of the constituents, but 
sand it is dou' if it applies to those alloys which, like 
German silver, differ in resistance greatly from that of the means. 
355. The effects may be compared upon thesystem of English 
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weights and units used in these pages, by taling, as tho heat 
eqatralant® the grain instead of the pound of water. Then the 
worth of the ampire current is 6°6855 such grain degrees Pahr,, 
and that of the chemic (5*68)* = “20722 per second, which 
figures may be used in the above formule to replace * 24055, 
the weight boing expressed in grains instead of grammes, 

Tho length im feet of a wire weighing 1 grain per foot, 
which gives 1 ohm resistance, is of course the weight in grains, 
and is for ere 4°845 and for platinum ~2828, and in these 
different lengths or weights equal actual heat is produced ; but it 
will be found, when the specitic heat is taken into account, that 
very different temperatures result. 

If we multiply the unit heat of current 6°6855 by the reck- 
procal of the specific heat (that is 1 specific heat), we get the 
number of grains of the metal that unit heat would raise 1 fy 
and dividing this by the length of the grain-footohm unit wire, 
we got tho actual rise of temperature produced in that wire for 
an ampére current as 14°5° for copper and 730° for platinum ; 
that is, a current which would only warm a grain-foot copper 
wire slightly would raiso a similar platinum wire to a red heat 

ther information will be found, chap, vii., on resistance, 

357- In an oxperiment with such a platinum wire, I obtaingl 
the curious result that the loss of heat and gain so balanced 
each other that the actual temperature maintained by the current 
closely corresponded with the calenlated rise: but of course, the 
coincidence noted was accidental, and ouly holds for very fine 
wires. 


Hear or Wines. 


Heat observed = to Degrees Fuhr. Curent ts] Cea 


4. Amptre current 2.00, 4. «| 5°68 730 
2, Fointred «. +s oe M 1109 


3. Cherry reds. oy ve : 47} 
4 Orango 


5. Whito 


| 6. Pused. 


The last line of the experiments illustrates the fact that the 
ing of a wire by the galvanic current is not dine to pure 








paenr d fo con 
gravity, g, imparts 
Regarded 


0 § 431. 
we have the following units :— 


nit vatue. Name. 
L+T “ peg at — 
LxM+T ., dittoins gramme ., Dyne. 


xM+r., ayeets f omthostses Erg. 


the connection and the distinction between Force 
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in fact from the unit length Ty, 
which dimensions, therefore, are alike 
values given to those units in any 


Maoxento Uxirs, 
Strongth of magnetic pol = = 
eat ot emer x2 =i alts 
Intensity of a magneticfield H =L-} M4 T-1 


Exzcraio Uxrrs, 


t each ita own idea, 

shown by the dimensions which represent 

2 aynter 38 40 related that we may actually 

thongh were all one absolute unit, represont- 

force and energy, cause, agency, and effect; wo 

and divide them by each other as though they 

numbers merely, instead of concrete things. In 

the first edition, this feature of the system was so much dwelt 
that some readers overlooked the fact of the inherent 


ity of relation 
isolate unit, 


Tie pe 

i herefore the ratios or 

values of the units themselves are fixed by this necossity. 
from any two, the rest follow of course, from Ohm's 
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hour is a larger unit of energy corre- 
current unit, § 386, which is coming 
with electric lighting, and representa 


se0Co1a4F 
Illes ofaveeage 


roth YT Se 





axoka’ Mrasunes—These are definite resistances 
ins paelspegy A weights, are taser 
a #0 similar that ay tus, 
peel 


electricity as the weigl gra’ 

‘The earliest were simply lengths of a particular wiro; then 
Wheatstone’s Rheostats were devised, thees being wires of 

variable lengths were capable of being measured off: 
one form consisted of a length of fine wire wound upon two 

cylinders er, the one of wood with o 
sorew thread out in it, the metal, 80 as to make contact 
With the wire wound upon it, leaving the length on the wooden 
cylinder to form of the circuit; the other was also a 
‘wooden cylinder with a stoutor wire wound upon it, forming & 





and facility of 
Just described, but in 
parts, the terminal 
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Adjustment, This is effected on the a 
Fae ep eclaactog prertaee eeiit eo ofv 
for adjustment are well cleaned, and shortened by crot 


contact till closely correct, when. 
Par ibe twisted. and Sire 
twistin, oe contin: 
exaaly: pani aya |. The fu 
is a more perfect plan, the result o} 


join on stouter ends for this adjustment; there is also 
advantage in soldering on a second wire near the adjustin 
so that the circuit there is double; the effect is that any 


coils suspended from the top can be inserted into « ease 
is to be secured by a few screws to the top, and for 
stand of theinstrument. For further details of construe 


$ 416. : 
Subdivisions of an ohm.—These may, for ordinary 
eee by simple division of a length Take 1 ohn 
German silver wire; measure lly into 10 
each division solder a copper wire, to be taken as clo 
pattie to its connection. A copper or brass wite, No, | 
balanced against one of tl tenths, and 60 
hundredths in like manner, and a length of No. 10 
thousandths. The subdivisions may also be balanced “| 
# standard ohm, using the multiplying ratios of the Whi 


bridge. 
6) The rexistance.—Tho nent 
wee kage stout Sonpey ee conection 


* This tinning is beat done by boiling in m tin vessel with = si 
gute in ting at lo of tin powder) and some ; 
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the md plate in the I 
‘To think of electromoti 


strain throughout the whole circuit, and 

“ difference of potential” between any two 

which is distributed (as what may be com 

dei race in, Sin el 

resistances. 00) treats poten as single, 

feck at “abe arth om ey ee But as 

owt rape rprnents th Sr ee 

show it ts the facts oe] io cirenit. 
402, _ we open our circuit, we find a positi 

negative condition, a-}- and — pole of equal and op) 

these one an pa the bien faces of the 


as ‘rofl, as representing the o 
Fig. 61 presents this view, an 
buted. A Bis tho cireuit (which ix 
Fig. 61. as a resistance divided into 4 


tive plate (which ma 
ing to rolati ist 


Treatin, 
a unit, and cao 
diatachicienal 
ial of 10, equal at 
to the electromotive force, 
the same scale as the resistance, 
© Dis, therefore, the line of distribution of 
likewise divided into 10 equal parts, verti 
show the pressure existing in any parts of the cironit. 
from any points on the line of potential © D, lines to thes 
resistance A B will cut off a resistance equal i 0 
the sum of + and — pressures, included in the 
conductor, and ucting to set up current in it, 

It should be remembered that the actual values of 1 
and potential, or resistance, are of no consequence. TL 
all be great or all small, or one small and the other great, 
ratios or proportions wil id 

403. As yet we have regarded 1 as represen 
circuit and force, but it applies Rete to any 
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and the other pipe, and there would be no tendency for water to 
pass through it. But let a connection be made between, 
say, 2 in A B,and 5 in a b, and water would pass along this con- 
nection, from A towards }, 
406, The analogy holds when we consider AB, ab, to be two 
electric circuits, branching from one conductor at Aa, and Bb: 
the potential is the same at every 
proportional part of the resistance, at 
such points connections may be made, and 
there will be no tendency for Gases | 
to pass across the connection, because, 
though there will be such a tendency at 
each point, it will be met by an equal bat 
opposite tendency at the other of the 
cross-connection, A galvanometer in this 
cross-connection will show no current 
ing; an electrometer would show no signs 
of charge. This will hold true, though the 
one resistance be a thousand times as groat 
as the other; still, at the definite propor 
tional points, equal pressures or potentiala 
exist, and no current can pask neross, a 
63 shows the lines of Fig. 62 ‘thus 
as derived circuits, forming part of a main 
circuit from a battery, If a connection were 
mado between aby of the opposed points no current would 
pass, and it would divide the circuit A B into the four arms of 
the bridge, Fig. 64- 
a) 


being points of 
circuits. E and 
either cirenit connected to a 
moter, which indicates a current 
as long as B and F are not 
It will show no action when the som 
ditions of balance are fulfilled. ‘There | 
are thus four ee ches — ‘and 
an opening is made in Ls 
paren introducing such 
will fulfil the conditions of balance, those conditions being 
that the four branches shall hold among themsolves the 
zelations of the elements of a Rule-of-Three sum: as loug ai 





they do this the relations may be varied to suit 
tus call the resistance in each branch by the | 
opening. ‘Then either 
1, As B is to D go is A to 0. 
2AaB , A, D,,O. 


It is convenient to treat one of the openings or branches as 
the unknown resistance to be measured, and C will be so used. 
Then the law is that this resistance (0) is to the ono on cither 
side of it as the one on its other side is to the fourth, Asa con- 
sequence, when there is balance, the battery and galvanometer 
may be exchanged in position without disturbing balance, 
ait eal Fig. 65 shows that we have thus four arrangements at 


1. Equal branches and equal circuita. 

2, Unequal branches and equal circuits. 
3. Equal branches and unequal circuits, 
4, Unequal branches and unequal circuits. 


These figures show that 1 is analogous to the ordinary 
weighing balance, and 2 to the (ern Ag aa ‘They show 
‘also by inspection which condition is t 
best, for throughout all nature it will be Fra, 65, 
found that Cees can be ex- es) > 
pressed metrically are superior to 
those eaiakiare ergata Wort is the 
best, and it will always be found that 
Yneasurements made with all four 
branches alike are most accurate, Num- (“) 
ber 2 is next. These are liable only to 
actual errors of instruments or observa- 
tions, but in 3 and 4 those errors are 

by whatever ratio is employed. 

405. The whole of the principles ‘are exhibited in Fig. 66. 
The line HE is the thooretical sero of potential, whilo the 
‘vertical lines are scales of potential corresponding to A B, Figs. 
62, 63, and also mark the actual difference of potential inclu 
in the bridge, which ix completed by the points D 0, as shown 

the dotted lines, to complete the four arms of the bridge, Fig. 
“ee therefore, us the position of these points k 
the line DC horizontal, that is, parallel to the zero line H 
‘these points are equally related to the scalo of potential, and no 
current would flow along the line DO, in wi the galvano- 
‘moter is inserted. But if the proper ratios are not maintained 
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between the arms, then ono of the epee nt. 
be lower than Ft See aul Ree abe ne, 


Fra, 66. 


4 


therefore, exactly resembles a balance arm in the ordinary scales 
for weighing. 

$10. galeanometer should be one of a resistance alae 
Approximating that to be measured, but very sensitive, the 


needle closely astaticand suspended by long fibre. Of course, 
this element is not susceptible of much alteration, bnt for small 
resistances a good ordinary astatic galvanometer is best: for 
large resistances the Thomson’s reflector is best suited. The 
law for arrangement of the galvanometer resistance is that it 
should equal the joint resistances on either side of it; but the 
best use of this law is to show with a given galvanometer what 
is the most sensitive arrangement of the three fixed branches. 
Thore should be, as shown, Fig. 64, a commutator in the 
Ivanometer connection, in order to prevent the needle from 
‘ing thrown about by alterations in the branches; it also 
enables us to make contacts in time with the rate of of 
the needle, and thus either to keep on increasing this 
and so get a noticeable deflection, or, by opposing the vibrations, 
to bring the needle quickly to rest. This commutator has also 
the effect of allowing any inductive actions (which for the 
instant act as resistances) to be completed while the galyano- 
moter is not in circuit, and so prevent its being disturbed 
them. There should also be » commutator in the 
circuit, so as to allow current to 
and thus avoid heating the wires. t 
as for economy, as small battery power ax possible should b 
ae nore oneness one or ine of poe 
will suffice, but resistances, of course, i 
more, Dex to wet up a aaffiont dldrence of poten aida 
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range of resistance to send a current 
As only momentary currents are 
cell or two will answer, but a 
erally useful. 

ike the principle of constrac- 
instrament need not take that form at 


and from there to the binding screws. 
be best. commutator for this purpose is one which makea 
contacts successively with one touch, as shown in 





Fio, 67. 


| ONO @ED + 

tof ebonite or wood is cut with three and 

(is secured a x, having a stem passing 
{for a conductor: on the faces of the upper two springs 
contact pieces, and also on the lower face 
top of the stud forming the fourth connection ; 
of ebonite are cemented to the faces of 2 and 
2 form of the circuit from one of the battery 
to the + or — point of the bridge, while 3 and 4 
the circuit from E or F to one of the galvanometer 
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413. We have thus an excellent skeleton of the bridge, 
requires the means of filling up the openings A B D to co} 
it: one of these is, of course, a resistance coil, § 397. ¥ 
Scie we require two (ert ape 
ances, which may be mere lengths of wire, should 1 
pec aitee. resistances, variable as required, The be 
aot like the resistance instrament itself, with 1, 1 
ohms, and so on, which, being made all continuous, requin 
1,9, 90, and so on, with the power of throwing the re 
into circuit. The best plan is to combine all 
resistances and the bridge in one instrument. 
Ree aay tegrs ano Resisrances.—Fig. oie 
i it tern to act as a bri 
ni San emer ee is that of the current, from w) 
be seen the circuit goes to the middle of the upp 


Fra. 68, 





which is the two variable resistances (as in B D, Fig. 
resistances from D to E aro the branch A, Fig. 64, and 
C and E the branch ©, the resistance to be measured. 

of the instrument are the same as that to be next det 
When both Inf. plugs are in place the instrument can | 
88 a direct resistance throughout, between C and EB. } 


415. Decrman Comsinep Rieter 69 shows 
instrument, devised upon the princi $397. Thele 
of the parts corresponds to that of Fig. 64, 60 that it 
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tnice the connections and the manner in which they fulfil the 
conlitions of the bridge. -+- and — are the binding scrows for 
the wires, and their connection may be traced to + 
within the instrament, and through the commutator to — at 
the othor end, theso being tho points at which tho real brid, 

{the derived circuits) commences. Band D are the two varial 

Maistanoes of each circuit, one of which, D, is continued through 
4,h.¢,d, the resistance measure, ranging from 1 ohm to 10,000: 


the other branch goes direct to E, and is then continued to R, 
Which forms with — the connections for the resistance to be 
measured, and thus constitutes the fourth branch. ‘The neutral 


may also be employed aa a direct resistance through Rand—. 
‘It might be better to divide the circles into 11 parts, #o ax to 
each set complete without throwing any others into series. 
‘This is done with the single-ohm set, as otherwise there would 
orarsbesome difficulty in making up even numbers, and there 
be 1 ohm short of the 10000, For convenience in use ih 








abt 


with a len) 
iieprerre tee  | 


tion of Ba 





as A and C are unequal, the olan 
to be moved to pales er side; but when they are made 
the clamp Hae St DONE. the ‘middle of ee scale, J 
deseri, , With drawings, is given in * Reports ¢ 
Committee on Electric Sentence 
There are also a great pct of forms made for di! 
purposes, but the Le dead ke in all. 

419. Condensers of known capacity may be used i 
branches instead of the resistances, and an electrome 
place of tho galvanometer; but this plan is omployed 0) 
connection with long submarine cables, 

420. Variable resistances are extremely usofal in many) 
tions in which either a defined current ix required, or gi 
changes have to be adjusted, without actual measure 
For such purposes the old rheostats, § 394, are still usefy 
as in tee lengths of wire, they have the defect of ca 

jumps: two wires can be stretched parallel to 

galas a sliding contact-piece connecting them, bu 
es irregular contacts; either of the allowing 
gives a very steady action, 

(a) A strip of wood has two V V grooves cut along mt 
the suggested ohm, § 385, which contain mereury, 

of ends fitted with connections and a sliding bridgo ofe 
wire joining oe two grooves at any desired point. 

ne Two glass tubes are mounted vertically pon. 

their lower ends containing copper Ld stated 10 
screws: two straight copper wires ha: seat aes 
upper ends being solidly connected ‘oni 









other, 
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sete 


a stand will give any convenient range by proper 
id material. 
|, scales can be placed behind tho wires, and the 
of the elevations marked upon them. 
i ved to considerable resistances, 





CHAPTER VI. 
CURRENT. 


421, In the chapter on Measurement, a 380-393, will bo 
found a sketch of the general principles of dynamic or current 
electricity, which are to be fully worked out under the different 
heads of Force, Conduction, and Current. It is better to reveres 
this order in examining theso details, because Current deals with 
actual tangible facts in nature, while the others are matters of 
calculation. Current in Electricity, as with water, means the 
rate of passage of unit quantity across any section of the oon- 
ductor : its most definite evidence and measure is the chemical 
action produced (§ 160), which will be more fully dealt with is 
the chapter on Electrolysis. 

22, In the older works on Electricity “ quantity " currents 
and “intensity” currents were spoken of, and even now wo 
occasionally meet with such an unmeaning phrase as the 
“tension” of a current, All such ideas which give the i 
sion of some difference of nature in currents are wating 
Current, as such, has only one quality, its rat 
that is one which will produce a certain deflection in  purtionlar 
galvanometer, or will deposit a certain weight of metal from 
a solution, ia exactly the samo in its nature and 
whother it comes from a large or small coll, from a cull, 
or from a thousand cella in scrics, But the same current tie 
have different effects according to its denaity, that is 
its ratio to the sectional area of the conductor, or its 
por unit of area. This influences the temperature generated 
‘wires, and is of supreme importance in electrolysis, as mentions 
several times in the chapter on Batteries. See § 285. The 
reason why some of the effects of Current vary as its aqaare will 
be found, § 561, and the difforent static stresses related i 
currents are oxplained, §§ 4o2-406. ‘The term intensity of carmel 
is oxplainod but some writers, anxious apparent wall 
to the confusion of terms, have taken of late to 
already misapplied term in the same senso as “ a 
current” is used here, 








Force-—We may embody 
pression, and say they are due to a“ 
force,” the intensity of which can be measured 






sion, but this term, or something like ii 
mechanics, on 


are bh 

& “force.” (r 

This is a static Sods and it jecaceee pet | 

meaty) A force so regarded is an abstract 

ieied i relation to energy because it does 3 pes 4 
a relation to potential energy, as explained 

the motion it produces in matter, and thn as 

. 1, Velocity, which may be general or 

ee of the foros of gravitation when expresst 

ordinary symbol g, meaning its capacity 

velocity of 32°2 fect per second. 2, Meaney 

force becomes concrete and quantitatiee by the intro) 

unit mass of matter, and unit time. But this is nob 

Sorce, it is on expression of energy,—of the work 

under unit conditions, The dyne, § 372, is such « 

truly a mathematical expression for 

and it is the same value, in reality, as the 









Pe 


treatment of foree; its effects are included in | 
velocity and momentum generated, But it may | 











coca “Foros ry a and float wih whch ee 


Sy or Geaviry axp Vesoorrr. 


meaning of thia table is as follows :— 
Force, when reduced to units, means one second’s action, 
units of force exerted are as the times in seconds, 


it foroo hére is one generating a velocity of 32 feet, 
we havo Col. L, times or units of force, cach 
elie, Col. EL, and accumulated in Col. TI, 
is velocity x muss: taking 1 1b, as unit mass, 
gives us momentum, or quantity of motion acquired. 
have the incre- 


is (2) masa x ins is square of the EEE. 

ON sls area V? x 4 mass, but while correct in 

it, this isa misleading statement, Half mass 

eee telhing’ts do with tho result, late ator 
‘unit energy 16 is only half of me rw 

| Hence sencgy is as the square the tine = 36 

7p thet own Col, VIL x 16. oor arte tie 

of phe bave the evidence that the penemetnl 
of is based upon the square root of the 

energy. This isan inevitable Raat chia eawaty A 
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sas tho column,” 
. therefore gives ux 


igh: 
ential 
(i) As Col. V. 
the force defi 


a 

() This sovare root of hend, Co. vit .. is then the same 
as the number of units of force acting, Col. L, and concen! 
on the one action or mass. But it docs not correspond to tho 
statio pressures of Col. VI. and VIL 

(m) But it is evident that the two definitions of Foro,” § 
must correspond : it is impossible that the mathematical 
however much they may disguise the physical causes, should 
paeessur represent the) facts. Expressed in “ dimensions,” 

380, 

Attraction or \ ia L 
Foree at a point Tr 

L 
Tr 
ord L 
Velocity ie 
locity ik i 
‘That is to say, tho introduction of mass M converts the abstract 
ideas or powers, acceleration and attraction, into the 
idea of a quantity of force, and velocity into momentum, 
en or vis viva is as tho square of the space 7 
EiaiNibs ante willis rreslady the same result as (/ 


Acceleration is also 





‘fixed quantity, or current of water flows through the pipe, and 

jantity will in the same time, across every 

section of ths oirenit; #0 for each unit of Z dissolved, a current 

it to one unit will flow through the wire, whether the 

be dissolved quickly or slowly, and there is exactly the 

‘ame “current” or quantity in given time at ovury section of 
the circuit. 

Feo. 70. 


Now let I be placed in the circuit and made to do work. 
This is increasod resistance. Tho strokes of the pump—tho 
m of zinc—therofore, the current in either case will 

vit Exactly the same laws, Bey the same formule, 


the rate of decrease, mechanical or electrical. 
certain point of diminution is attaincd—i.e. a cortain 
“Pasintanos interposed at ''—tho pump or battery will be over- 
ae amd to do work we must increase the electromotive 
or the steam pressure. 
Tn both casés wo see the current is uniform 


at overy part of 
the cirouit, and also it would bo exactly equal in measure, 
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The chemic used in these pages, § 159, represents 1 grain 
weight of hydrogen in 10 hours, and therefore an ampére 
current is equal to a current of 5°68 chemics. The reasons for 
using this special unit are given § 366. It can be employed 
with the usual formule of Ohm, by multiplying the EMF in 
volta by 5°68, when with a Daniell cell E would be called 
6+1287 instead of 1°079. 








CHAPTER VII. 
CONDUCTIVITY AND RESISTANCE. 


446. These terms are the converse of each other, but th 

this oes difference—Resistance is absolute and 

in standard or other definite units. is ouly 

or abstract; though it is usually stated as relative to | 

Cendactivlty can bo anoericinad nly by axeatel eae 

uctivity can be ascertained only 

resistance ne iven case; then by ealeniting wnt 

the resistance of pure co] in like conditions, we 

relative conductivity of the substance examined. 

must not be confused with conducting capacity, $$ 440, 441. 

is the power of a definite circuit to transmit current, 
Spree Coxpucriviry.—Under the same conditions of d 

sion, different substances have different capacities for 

Mmitting current; that is to say, different molecules 

their relation to electricity as they do to heat, ‘This 

most edsily modsured as a “resistance” of a fixed 

& unit of dimension, now much employed in 

the OGS system, is 1 cubic centimetre, used as in Col, 

the Table of Resistances, p. 283, where “specific ton 

given in the OGS units of resistance cubic cantin 

the substance. This is useful with liquids and insulators: 

resistance is large, but as relates to metals and to tho 

only the ohm unit it conveys little meaning, and the 

form of a wire is that which best conveys the facts to the 

A wire either of definite dimensions, such as 1 foot 

of inch diameter (conveniently called a mil, which x 

confused with the millimetre), is a practical 

for some purposes a wire 1 foot in length and weighin 

has its uses. These units will be employed here, and 

p. 283, derived chiefly from the labours of Mathiossen, g 

most important particulars employed by electricians, 

is the specific conductivity referred to silver ax 160, _ 
447+ Alloys usually have a higher resistance than 


mean of their components, which appears “to ind 
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magnet revolving a machine, but doing no w) 
C The same, er bates 

Heat in Hont in Heat Jost 4 

Battery. Cirouit. as work, as 

% o« 18682. — — «=. i 
3 « 18676 « = - | 
jo 6 «= 2219 = 1 
4 15888 ~ 4789 — 1 
§ = 35427 947 308 a 





Tho experiment. shows very clearly the relations of on 
the effect produced, and also the mode in which re 
converts the energy into work, and it closely agrees w 
experiment, 

458, Cece s Hear bersiee rn portion of — 
i.e, the various of a battery, ores 
instruments used or work done, having each : 
resistances measured or known, these are added 
the total resistance of the circuit, bolized as it 
this total which can bo direetly’ culated by Ohm's f 
bnt the varions oxternal resistances may be ascertained | 
el ay by observing the variation of ths current Ere 

ts to the circuit. For the. internal resist 
Cr woo § 462. 

459 Dentven Cincurrs, see § 404.—When the current, 
Fees Reale voce recht part of its course, the 
sistance of the united circuit is ascertained by the 
formule, the separate resistances being first 
usual processes :— | 





@ Ger The joint resistance is the produg 
two resistances divided by their sum. Thus 
39% 64 _ 12496 _ 

"394 764 Troy “MH | 


When there are more than two paths, mee = 
resistance of two, this is used with another in the same 1 
Lot O bo another such path having « resistance 1*9, 


"243 X 1°9 _ *4598 _ 
°24a+ rg ari42 


a (2) It is more easy to obtain the join 





+215. 


LAW OF SHUNTS. 


the sum of the reciprocals of the separate 
the reciprocal of the joint resistance. (The 
nciprocal of a number is 1 divided by it; tables of reciprocals 
aro given in many books.) 
A= so Yeciprocal .. .. 2°56 
eH Cad ” wwe 1068 
Derg « a se O88 


Joint resistance Par S1 nar) 


aeereereieess wey te Gerived from the system of wire re- 

$468. If we reduce each resistance to the torms of the 
area of a copper wire of 1, 10, or more feet, the sum of theso 
areas its a wire equivalent to the joint resistance. 

‘460. ‘These are derived circuits, § 458. and the term 
is of course derived from the railway process of hunting a train 
tm tom second set of rails. It is very useful to have at hand 
ch i with instra- 


cng they Sertercunt to on with, Of course any 


Ted across connections acts as a shunt for just such part of 

‘the current as equals the ratio of the resistance, and therefore a 

Becond resistance instrament serves tho pi 3 MS i is moro 

re ‘to prepare a inl wire, equal to the known re 

Wistance of tho galvanometer or ian eaatetrcsnh it is to be 

Wed with, and coil it up with its ends loft just long enough for 
Mhyenient use, and label it with the parpose it is made for. 

other occasions, shunts are required bearing a known 

Mitio, }, 1-10th, 1-100th, &e., of the circuit they are to be used 

With. The fullowing formula gives the proportionate resistance 

in such cases. R is the resistance of the instrament whose indi- 

Sitions we desire to multiply, » the multiplying ratio, and S the 

Néistance to be given to the shunt :— 

R 53 

= Ee 9353 

Of the addition of a shunt to any portion of a circuit 

resistance, and therefore alters the conditions of the 

circuit and increasea the current, unless an extra ro- 


Peery ae 
the same material as the cironit 
they sre used with, 50 as not to have their ratios disturbed by 
external temperature, § 449. 
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It is impossible to avoid tho | 
current: in order to have the same action in” 


parallel order or aa § 
same 


aroéach branch may have the same electromotive force, 
manner a variety of cells of different sizes and forces 
all be used in one circuit, and combined in both ways for 
resistance (multiple arc) and high electromotive force (in 
462. Internal Resi 9 .— This is subject to ; 
the eame laws as that of wires, § 452, but deponds on the 
conductivity of the liquids contamed, and varies 
Baring rok, as the acids become converted into 


Measurement ov Inrernat Resistance oF a 

(1) By Ohm's Formula—This may be ascertained by 
formula whon the electromotive force and current are 
E =. This is tho total resistance, and deducting the 
gives us the internal. 

(2) By Sine or Tangent Galeanometer. means 
known resistance produce a deflection ; 
until a deflection is produced whose value in current is | 
half that of the first. As the current is halved, it is 
resistance has been doubled—i. ¢, the second extra 


. lll 
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total of the first; therefore it is only 

known, or external resistance of the 

from that of the rear a ecier: as the 

© with it of any 

is the tt, external resistance, E 

a Bhool Tvs proses devised by Mr. Desmond Fitz- 
is by far the sim, er i siorgtblcengled shunt or connectit 

Eaecietatance’ cf sit ‘ich is ¢xactly the same as the sum o! 

a Sae resistances—viz, the galvanometer, which 

Wwof any kind, and all the pctiactioes (and if any work 

tho resistance of that also). Fig. 71 will now make 


Fro, 71. 


as shown, so that the current from tho battery 


_ First con 
Reais iteolf through the two equal resistances, (1) 8, tho 
ee (2 1g G, the jie hareermant and R, the resistance instra- 
lection carefully and then disconnect the 
8; ties ae current now passes through the other 
and therefore the deflection at G increases. It will be 


by the laws of derived circuits, the resistance 

equal circuits together is just half that of either of thee 
internal resistance of N P remains unchan, 

resistance is now added at R till exactly famo 
a at first in luced in G. This extra resistance is 
gual to the internal resistance of N P, because its 
brings the current to its Celene amount by doubling 
m4 resistance, ax the removal of the shunt previously 
— 
2and 3 “have the disadvantage that with many 
the EMF varies with the rate of current, 80 
itions are different at the time of the two measures. 
method avoids this, and enables the 


He 


a 


eff 
_ 





(oS pe pt relmeray By shifting the decimal point 6 
‘to the loft it becomes ohms, anfl by shifting it 3 to 

‘Fight it becomes C G S units: thus copper = 1'652 
microhms, “oo0c0r652 ohms, and 1652" GS units. Microhms 
‘a convenient for metals, ohme for liquide, and megohms for 


Tanue TX.—Conpvcriviry axp Resistance or Merars, 


VL ¥i. 
Renintanee at 2° 
Fahr. of of wire 
| 
welghing| of t xoit 
Tyra | dameoer 
=U 





wot 
ee 
‘Lewd, pressed 


Meee 


ee 


7163) 5°06 4 74] $831 


ag | 8 y 45] _*9938) 49°72 
8754) 32° G 19) 3°653 (427°32 
12/023] 34" b *t5| 4243 [148° 35 
15'203 10°9H#) 9° *B4) 3¢391 | 66°10 


16 | 4196* | * ” 96 *0BO |25240° 


i 




















. 


is convenient to alyu 





Cubic inch of water 252°456 .. 2°4021857 
rain. per foot. 4 ou 4 = *O791812 

+7854, ratio of circle to square .. —1*8950909 

Circular inch-foot of water.. .. : 8 = 2379" 
Specific gravity of copper 8-9 .. aaa ae 
Circular inch-footof copper .. 4° 3258478 = 21196" 


ae This divided by 1000 x 1000 = 1,c00,000, gi 
ce it in grains of a wire of a circular mil one foot long. 
this way are obtained the figures in Column II. of Table 
the various constants required in calculations as to wires, 

y dividing 1,000,000, the circular mils in an by 
seen of eet dei es ze pier the sectional ares: 
mils (or number of mils it occupies) of a wire weighing one 
per foot. This gives Column IIL of the Table Cr Osama 

1,000,000 = 10 4, ., «+ 6 "0000000 
Inch-foot of copper, 21176°1 ., 473258478 


Mile por grain-foot, G. oo 2)1°6741522= 43a 


LG Py | 
Diameter of grain-foot., ..  .. 0°8370761= 6872 


470. Assuming as correct the resistance of one 


wire given in Tablo IX., we obtain all that is 4 
plete the data, viz. the resistance of the calt foeenan 


which I have calculated at 60° and inserted in Column 
Table X, 
Spe of soft copper, e 
ine foot-grain at 32°, *2! «+ 7143847097 
Correction for 38° 1"0805 2 . ore 
Unit resistance at 60°, U. .. 113902204 | 








ESBS 
specific grw = M+m or U+(u x m) 
sree ers ims ut 60° Fabr, Uxl+w. 
ia er foot = RI. 
itto of the grain-foot = r x 4. 
dite ditto of the mil-foot = U x Gor seo B 
specific resistance of cubic centimetre. 
ohm = u x 0000166; 


BR x reciprocal of these constants gives a, 

« < mgives all the data for weight, &c., 80 that 
these two data all requisite information can bo 
lated, 


sectional area in Tame ft wild 
the diameter in mila, d. 


d= 0G, 


Ex, 4 ft, weigh 3°1 Poy 106 
+ prided bys 1 oteateon 
©, grains per pos +s a 718962506 = O° 
G, constant for copper, ar 220 -1°6741522 

@’, sectional area .. s+ 2)1*5704028 = 37° 
4, diameter in mils. 5 o ©0°7852014 = 64 


For other metals proper constants should be used. 
Resistance of a length being known x by conductivity and 
length in feet to reduce to resistance per foot as pare oo 
=r; then 
GxU =a. Gx U for copper = 10°336 1°01, 
orU-+rawxG=d, 265 


475. Watonr on Lenors.—The diameter being known, to ai 
the wetont of any length, or the Lexorn of any weight, m 
the square of the diameter by Column Ibe of the Tal 

rains per mil-foot. This gives the rae in grains per 
fom which all requfred weights ahd lang tii seeraiaaneam 
by common arithmetic. 


w= M 








pyaire of the diameter by tho 
icieeeapinesa 
4 


wire, the square of the diameter, with following 
fe Glee ts partsalar atoortien fo cach case 


Log. 
ar pound, divide by d’., 330560 “5192 
per pound, ditto . Seth 50421389 
(per foot, zaalipy byd® ovoar1761 ~2"325847 
or 1000 itto 070030252 ~3"4807498 
mile, ditto —0°015973, - ~2' 2033837 
(e nutical milo, ditto oro1B41g 9 2+ 2651531 
jo constants, used in the opposite manner, will give 
nd hence the diameter of a wire, of which any of 


fare 

owing constants also furnish useful data as to copper 

Deer es rere ce ire ae ane 
inch diameter, of the length named, at 60°, and are 


led by the sectional area in mils, d’. 
per foot at 60° 10°3365 = 1°0143726 
rd 38°0095-1°4914939 
taile 40577 4°73 


nautical mile at 6o° 2,918 47987759 
per Ib, divide ad... 3,406,825 $3 be 
sxe ohm, multiply byd* 0*0967447 ~2°5856274 
fisrance.— To ascertain the nesisraNck of any wire at 60°, 
‘unit resistance U, Column IV., by the woight in 

foot. This aye the resistance per foot, which 
iy length requ i 


R=Ux — 
wv 
man i and di 
U re in feet, vide the product by 


ul a U u 

eM uXe@ 

shee SS fer akermer imac pe pre eins 

which might, if preferred, serve as inci. 

stead of the grain-fot See 

z — tho resistance of any convenient 
u 





- | 






292 CONDUCTIVITY AND RES! 
N 


ia correcting for temperature to 60". Divide by th) 
and multiply by the hehehe bast t "fool 

eve tho resistance per grain foot, reas 
wid divide the unit 0*21989. ‘Phe quotient is the 
o=u+2" 

Th inal ssererent rn kt SE 
ascertain its conductivity, may be effected on thre 


“on The measurement of any length and reducing thi 
resistance to the unit {tonarath or mil. 
soe By Clark's system. A standard wire of copper is m 
its or size is of no consequence, but its resistanct 
os otis Seah bei equivalent to a pure wire 100 
weighi meiyiing 100 conductivity of any other 
direot by ba by Teena the necessary length agai 
Si will be as the s mare of its longth in inches divide 
weight in grains, This has tho advantage of 
correction for temperature, as both the wires vary 
course being taken not to 60 pass current through 4 
unequally on them. 
ah By a pair of stout clamps, forming ono of the op 
eatstone’s bridge, and best fixed exactly 1 foot ap 
Sasa tense ae foot is thus measured, and nrultiplie 
cag ake, rns Tot of wire, welgtl al 
ol wi “1 
§ 474, gave a soils at 72° of ohms, mre 4 
Resistance, 1° 349 ove wey 81300819 
92 — Go = 12°, correction, 1'0255  0°0109357 


R, resistance at 609 wa Ba = 13! 

w, grains per foot,o"788 .. .. ~1*8962506 
0°0153268 

1, length 4 feet a ay 076020600 








Res. per grain-foot at 60°, ., «. “1"4t3al 0°25 


Unit grain-foot resistance, 0°21 1°3 | 
Vea eat eee Od Bae: 


Conductivity . 1°9269536 =84" 
Or, measure and woigh axy beges of which : 

















ply U by the length, and divide by weight 

the equivalent resistance as pure copper, 
‘conductivity of any metal as compared with any 
standard can be calculated thus for equal weights 


by not attending to this wo may obtain only 
fet we should by securing good wire. 
{n gives the relative conductivity of various coppers 


| with hard-drawn silver: 


& ‘Temperature, 
toduood rogen 4. «. 93'0 at 18°60. 
eral Fel ae 48 ae 935464, 20°2 
| in 92°76 » 19°3 
eting power increased about 2 per cent. by annealing 
fommercial coppers: Temprrature, 
hing fd Oxide melted inair 73°32 at 1975 O. 
0°95 of phosphorus .. 23°24 » a2°1 n 


2°8o per cont. of arsenio 13°14 y 19°! » 
1°60 per cent. of zinc .. 56°98  10°3 w 


h (Rio Tinto), containing arsenic, iron, Fer 
tn, with traces of samo 59:34 
Burs Bure tas 
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and connected toa galvanometer, Merwe 
ecrnih,coplcing the lgeld tag lata 

© liqu swoon 
haveno snetalliooanneotion to the 


Copper eniphate, saturated. 
‘dilated to half 
1b, per gallon 


Cu 80, + 46 
raturated 
Giloved to halt 


oe ee 
Teoh to bof 3 
Nitrle acid, sp. gr. 120i 








Shoreshe SS Br 


Fig. 72 shows tho facts: oven the backs of the 
part in the action, and it is most active upon the 
fame causes which render points and edges active in 
electricity, §63. Hence, contrary to common ; 
of battery plates are to some extent active, 
plates with one side varnished, either as a battery 
coppering cell with a galvanometer, and note tho ¢ 
the varnished sides or pr 








periment which besides 
an ml Leto of 
itt m @ dynamo 
mn 
an eprint 
at one paola of the circuit, at 
heat of juctor were too great, the insulation 
and the ie made contact. Conductors of three 
When the resistance was 0-28 ohm and our 


Sei tobe 96 per cont., we have by § 474 


Rx shh=r a 7) Amptre 

» per mi). 
*28 = "001791 5 eae 27 "00468 
"ah 001344 7 162°86 30 = ©*00390 
"07 "000447 23605" 448°56 33, “00143 


latter value is inserted in the list of valuos Ke safe 


re inch in section, which is 1,273,235 circular mils. 

ete innine for Nottingham says 1750, others givo 
ening Jenkin says 500, but att not ob; 

200 the limit of safety; there is ‘he 

rare ae 3 square millimetres per ampére, and the 

n G4g3, all of which I will rodvoo to the value in 






Amnptres per #3. iuch, Circular mil, Mils per ampare. 
2000 = *0015708 36° 617 














O0sE OF TRANEMINHON. Sor 


{birefire still only 1 in the conductor, but while passing into 
thi riceiver, utilizing so much as corresponds to its proportion 
the total resistance : tho loes of enorgy in this case is in the 
+ which necessarily has a higher resistance than in the 

the EM F em |, the 

Myeks ares But Piecetarh is 

difficulties of insulation and the oxtra 

these difficulties, and the great danger to 

MF, will probably prevent this fact from 

importance attributed to it by some elec- 


does not give olectricity tho asserted advantage 
transmitter of o1 : precisely the same 
ae es in pipet Ltd Lowa and oe 
imit ix} of bursting the pij © 
of the intoaley of inwulation’ with electric 4 
electric transmission has over hydraulic 
one, or one dependent on any difference in the 
transmission ; it is due to the fact that eleo- 
mass of matter in motion, it yes eee 
are smaller, more manageal vy 
lille not expoved to risk of freezing. 


in Council appoints the following dimensions 
gauges after 1st March, 1884. 





delicate sine or tange 
6 amount of ue enon 
rtional to the sii tangent. ft ianeee orn 
@ sine or nt o: 
Bee once ascertained the angle given 
it that due to 1 volt, the instrament can 


large the internal resistance 
negli if not known, Seo § pur 
507. Wheatstone's plan is available either 
resistances: it depends on the sf 
deflections. In this and the following 
formule capital letters for the standard cell 
for the one to be measured, B, 
istance in ohms, ©, ¢ current 
and that to be m 


ww 











BLECTROMOTIVE FORCE. [515 


‘which are forms of energy) are ‘ble of expression either in 
¢ single measure or in des of sah other. Experiment has 
this for heat, and shown that a definite quantity of heat 
is actually transformed into a definite quantity of mechanical 
work ; that is to say, that a ponnd of water raised in tompora= | 
tare so many degrees Fahr. or raised so many fect against 
gravity means the same energy expended or stored. What the ) 
exact quantity is, is a mnttor for experiment of a very difficalt 
naturo, and thorefore the exact value is not known, and 
as diferent values may be found in different this should 
be understood. The slowing a list of several determina- 
tions by different processes terms of the gramme-metres 
equivalent to the calory. 
“ Friction of water and brass 
mn « » Orushin; Pieter t. 

5 pestle 

it; soe 
General properties ofair .. 
Hlectro-magnetism —.. 
Heat of current in wire 


ny oe 
Regnault 
Clans 


Hf 


engineers, Another value is coming into use, obi 
arithmetical reasons of the mathematicians: 42 million “ 
written a8 42 x 10" is a handy figure, and this is Les 
its value in Gearerprines calory is 427°87, 
Tbe. per English heat unit 779°89. The valuo used 
pages is 772 foot-lbs. and its equivalent in the metric 
515. Retarions oy Usirs—As different systems of 
ment aro used in different works, and in most scientific 
the metric system is used and may not be understood 
readors, I have worked out Table X LF 325, which, subj 


lillie 


arein 
different from others to be found in the work, as 
of the calory, lines 22 and 23. The causo of this is 
C.GS. system being based upon definite principles, it 
able to have tho values which are thus 
but a4 neither the ohm nor the ampéro, 
observed data are exact to the O.G.S. system, these other’ 











EXTRINSIO OR BPECIFIO EXERGY, 815 


correct in practice, and the differences are not 
eect Sieg 
practical accepted ee ‘The values aro 
allow. Different writers call tho 

43255 ins, and give tho 

ng a8 it is to 

1, 18 also given to two 

value always Teant in theso 


pr Sea began see 
values than the decimals, 80 that the operations 
subtracting instead of adding or by 
iprocal of the logarithm (i ee log mies ae 
Fey paver hen useful also to enable an intricate 
‘ked out by one final act of addition, Tho 
(which the figures are obtained, and the plan of using 
fiereiieey Genhs ws cramnia Andrews gives tho 
of zinc in oxygen as— 


jes per gramme ., 1330 1239516 
[atin ae ein > « ae ene 


ies per gramme equivalent 46370692 = 43358 
Ecce 
' Hinog = *198547 —1"2977983 


Ibs. per grain equivalent 379348675 = 86075 
7900 3°8450980 
| 32°64, 1°5132176 = - 2°33 18804 


the. per pound +» —6*2667479 = 1,848,195 


Ewes sass perro "ise hemetion 
as 1, pound. 

ft Eyenoy,—Theso terms are both 
(different authors to desoribo that payee cle 
' associated in each mbination of 


it Gh ah te emia 



































| 

15135) 
fern) 
14593 








"00036289, 
"00032456 


scoeb4gt3 
"00067126 
*00301378 


*o0001032 


*oooakba2 


“CO1O§ 800 


*co103223 


"00016355, 


*o00bo3 tr 
“00120633 


“00033324 





not upon its equivalont f 
revi dels it oxists, soo § 158, 
valency of the radical it forms. 

520. Commmation or Rapicats—It 


th ‘ 
taining the heat of oxidation, and then that 

the oxide in acid; we thus get the total 
approximately, as we cannot separate from the 

due to change of physical state. Table XIV. Fede 


in foot-Ibs. of the experiments of Andrews and rman 
as in Table XIII.; the considerable differences indicate t 
difficulties of the process, 


Tavis XIV.—Eseroy or Comeisatiox or Oxrpes asp Ac 





521. In the caso of chlorides there is a certain 
as several actions have to be consi (1) The 
bination aon Neble XI ec V 

21, (2 ia ia a eavecms ‘Woy, Wk ian 
Mf Q sarthee gash io foreng tan en ay w 





union of acid and oxide. But wo have 

the salt and water, and therefore the heat 

to ascertain the energy of the 

ia again includes the heat + or — as the caso 
act of solution of the salt. 


ao ses: savy veg 421 
CEES: set 1H 
ee notation) now give the several 
ing for examples zine and sodium : 


a bt a. e 
ZnO + HCl = ZnCl + HO. 
NoaO + HCl = NaCl + HO, 
XI. = Za0 8427 NaO 14593 
64 3933 
1919 


25605 
6841 


18754 
103, 


1886 


last res Bj closely with those of the anhydrous 

i sf ohieh the zinc gives out hoat in dissolving and 
thesodinm produces cold, 

Thave in this way calculated the sults in solution, and 

Glan TT. Table XV. is the energy thus obtained of the 

nil chlorides, while Colamn IV, is the energy developed 


Taste XV.—Exenoy or Proro-saurs, 


Ra or Metal. | Pentn, yatrolte, 
jprecuieticac| “iar 








i perfect to enable us to 

but it is generally considered 

Daniell Pope) 

preceding ones, ve 

formation at passat attainable; 

figures are Gre ope cine Seeeta Ser 
as the result of his experiments ; lower 
Preklenlated from Favre's Ls in the previous 


$24. Execrnonorive Force axp Inrarsic Exsnoy—Having 
far as present knowledge permits, ascertained the 
of the various reactions employed in electricity, we 
discover how this energy is changed into an ic 
and to do this we must first ascertain the value in fout- 
by the volt—the measure of electric potential or 
Now it is obvious, that this being a static measure, 
by itself im foot-lbs. than can the 
it resting on the ground; with the pressure 

‘ited time or motion, as in mechanics, 
gravity acting h a unit of 
the mechanical unit, the foot-lb., so a unit 
acting through a unit resistance, an ohm, will 
it of electric energy if we employ some unit which 
it the position which the pound takes in the 
Hae 5 ust Lereomer hin manne. in Ce 

of “quantity,” a8 the poun resents 

of mass a matter. Such a unit iter in the 
but the considerations presented § 3 “ 
x 





3 

that the clement for this is that qnanti 

of aa wat Nature edvelf consol slackelaley 

Atom 
Valenoy 
Any system 
ahs day be) this con 
scientific principle, of course 


= electric equivalent. 


Ampire equivalent, cal a ~1°382 

Galbeies th foot-lbs., “os pe odesaes 

Ten hours = 36000 475563025 

Footlbs, 4. 6 474239184 = 26544 

= 5°68 ae se wee ~ 0°9543483 

Foot-lbs. per volt equivalent ., .. 3°6695701 = 4673 

Ton hours divided by 5°68 gives us 6338 seconds as © 
number of coulombs required to effect one grain equivalent 
action, Hence we get by the absolute system 


Work of ampire, ©.G.S. units, 10° 

CGS, unit re foot-lbe, ee 

6338 soconds .. 6. we tee 

Foot-Ibs, per 6338 ampires 3° Sésfo10 = 4h} | 
‘The same result may be obtained in a variety o 





insert err CES apsie potas a) farnish 
sme data which, with mice similarly obtain Nera 


ee ie too in ar trees This real is of 
it gives a ite meaning to 
Tak iariaets ton oie ee = 


Tix XVIL—Vatves axp Coxvension or Units. § 515. 


+ Logarta, 





075159894 
175951706 


0*2552735 
esas 
cpreetasto 
Bet "867 S676565 


Hs: 2095453 
bts 
3"6696010 





65°39 
Gors350 








3714159 Log 0°4971499 
“2798 7 104909 
“thea © ~r'B9s0909 


7 
ry ony 
napus 


w» —2°9522084 


O3K1763 4) —3° 3258478 
mat 60° F.(U.) 10°3365 » —3°0143726 
. LCOS, OOOH 








832 ELECTROMOTIVE YOROR, [sat 


boing susponded freely, will be indifferent as to position, but if 
we bring a magnet near, the existing internal equilibriam is 
cecarge and the astatic needle wall itself in some 
position due to the external influence; samo will occur if 
we bring a second astatic or combined system near the first 
(they being capable of free motion in any direction}—they will 


arrange themselves as is represented by Fig. 74. 


och, 


L f the attractions 
y part of a ctions eam 


N 8 NS N 8 Ns 58 
+- F- F-= F= 
Such a system would arrange itself in 
ing of a S Pole (a S ut the end o} 
would in turn revolve and transmit this motion 
or if the terminal magnet were forcibly moved a si 
would occur, and by it mechanical energy would be tran 
mitted, losing iteelf partly on the way by friction; the men 
distant magnots would also have less effort exerted upon them, 
under conditions analogous to the fall of potential in = tie 
ductor, § gor. 
543. A more mechanical form of the same idea consiite ote 
row of wheels working into each other and all mowed 
imparted to tho first one, which energy is transmitted 





e number of rotations in a given time. Here then 
as in electricity, conditions corresponding to the 
ity) and the pressure applied (E M F), 
in energy as C x E. 
‘ios BY Positive Merar.—Theso ideas are 
transferred to the atoms and molecules of matter, for 
very great reason to believe that every atom is endowed 
with a species of polarity similar to that of the single needle, 
A piece of zinc is immersed in sulphuric acid and the molecules 
in contact instantly arrange themselves thus : 
—~_ ——— 
Zn. Zn. 80,, H, 
-+ -+ 


one of the atoms of zinc attracting the sulphuric radical SO, 
and weakening the previous internal attraction of this for the 
which, with the second atom of the zinc molecule, 
i exerting external force, acta in turn upon other mole- 
‘onles, till a complete chain is formed through the lines of least 
resistance ; if wo continue the formulm through the action of a 
Daniell’s cell, that is, through sulphate of copper and a wire, it 
is easily traced. 


=f In. 80,0, S0, 0a. Ta. Oi. + 
eho lines 


—— 


combining with sulphuric radical, less 


from the same radical; energy which appears 
iatasy circumstances, as clectricity when tha, polar 





winder | Samad 


FI98 By prey Jo URI Ng pen pom salon ect py 
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549°] ‘EMP OF NITRIC ACID CELLS. 837 
ere eo bromens employed in calculating 
Execraouotive Forct ov Ceiis—Table XVIII. is com- 


of luces anythii 
12 of Table XVIII, ents authority of Clark 
find that the dilution of the excitant sulphuric 
mainly the resistance rather than the EMF, 


Tate XTX.—Fonce or Gnove's Cex. 


Zine tn Sulphurte Acid. | Platinum tn Sitric Acti. | 





Bpeciiic gravity 1-136 Concentrated .. 
eae 1136 | Specific gravity 
z rg 

119 

1°33 

ray 


133 
133 


| * There are peculiarities hitherto unnoticed in the bebaviour of carbon and 
us negatives, In some experiments 1 have used two plates of the samo 

Mae iu diferent reagents. In dilnte aciis and in chromic acid I found the BM ¥ 
‘earbon one-sixth greater than with platinum. But when the same plates 
fibed tn atric ack the platinum gave very lighaly the greater force, This 
Hodicate a source of the different results by ditierent experimenters: the 
known to vary in quality and so does platinum, and besides this there ix 

‘a different relation with each varistion of quality, to the acid radicals of 





will explain this, as Col. 

in solution is greater than that of sulphates except in the case 
of the acids themselves: the consequence is that sulphuric acid 
acta upon salt, the chloride of sodium, and motallic chlorides are 
produced together with sulphate of soda, and this extra force is 
added to that of the circuit, as it is in the same direction. For 
oes cae gives higher EMF than H,S0, as stated 

§ 165, 211, 

Z Table XX. contains my own on the nitric 
Boksgnid pbasilar’/osile, acraacelees both the effect of 
different oxidizing agents, and also the effect of different 
as positives. 


Taste XX.—Fonces or Encrromorons, 


L 





Negative Cell. 





Nitric acid, ep. g. 17324 


” 


Nitrate of toda and nl} 
phurioncid af 


Bichromate of potash .. 


552. Ponce or Posrrive Merais—From 
each combination in Table XX., and using 





553 ELROTROMOTIVE FORCES OF METALS, 389 


except the poxitive metal, remaining mnchangod, this is a con- 
‘Want low, and by adding it to tho actual force each metal 
yields, wo evidently obtain the total force that metal can 
generate, LY he in Table XXI. tho resulta of sevoral ench 
Unagerped and also the value derived from Favre's figures of 
sulphates. 


Tastx XXI—Fonce or Posrrrve Meats. 


Table XXUL, Col. 1. 
Dauioll’s — .. 


1°165 


These figures agree among themselves more closely than 
theese given by different authorities for the same experiments ; 
Tmt iron presents an anomaly, owing, probably, to its capacity 
for forming two sets of salts. However, while Favre's figures 
Make its value 2-0S9, Andrews’ give it as 1°886, so there is 

room for further information. 

53+ Ten Force or Necarives—It was pointed out in 
$545, that while the chemical action at the positive metal is 
the kource of the clectromotive force, there aro two actions at 
the negative plate which diminish or absorb part of this force; 
the first of these is the opposing power of the negative plate 
iteelf, which wo may eat the counter force of the nogative. 
This can be ascertained, like the positive force, by keeping all 
faditions constant except the negutive plate. Table 
fives the forces produced by both sets of changes at one view. 


Taste XXIT.—Force or Merats tx Sutravnic Act. 


Ponitivos, 
Negatives, 





| ine. 





4-367 
1107 
“B64 
“558 


The mm line and zine column are the observed figures ; 
the oes ue calculated from them, The forces ae aches 
22 





ARSOREED BY NEOATIVE ACTIONS. S41 


Counter Forck ar Neoative Puatr.—The 
from the Be ae a ene 
ioe esting in sDotora with the negative plato. In 
Riots tees iydrogen free is set down ay 1°464 
ULES ipa al eae etal 
Hatin of hydrogen, which includes the latent heat of. gasifica- 


ae orem ee work, however, the batteries do really 
ae ‘h this amount, for the counter force of hydrogen 


makes it up. Taking the foroo whon hydrogen 
ee pie Kens ws may obtain the latent heat or 


Poreo of Smee observed « 
»  &ilyer zinc, Table XXII. a 


Difference = absorbed by hydrogen 
Force of combustion of ditto ..  .. 


Probable latent energy of gases. 
sa is the pcs nore made from Table aa to 
force. ar we can ol un © 
fiesy Sete i ect the kona actions, and thus is 
Tawez XXIV.—Exrnoy Ansonnep rx Neaanive Reactions. 
Single cells : zee hydrogen. 
Nitric acid. hiiig Bie i 95 
” Specific gravity 1°38. by 
” 1°33. 
Nitrate of soda and sulphuric Sela . 
ae of < 


Manganeso peroxide. 1). 
Copper in Daniell nae at Marg i 


By deductin roper one of these figures from the proper 
in Table exit every. information can be obtained as 
eas mode of forming batteries, and much waste of 
be saved in testing any idea which occurs 

tion ; as wea eee toad ce alee 

the first thing to do is to make a simple 

t, and add the result to the proper table, Such a 





process would at once dispose of many of the crude ideas which 
8u, themselves to experimenters. 

figures in all these tables refer, of course, to the 
condition of things, and at first starting; in all cases the: 08 
which occur in action soon reduce the force. 

556. It is evident from all these figures that EMF and 
chemical affinity are manifestations of one nataral force, Tt isin 
fact acknowledged by all electricians that the electromotive force 
is expressed by the potential energy of chemical affinit: 
(even by those who say there is no in dence th 
hoth may be related to some third agency). It is a certain fact 
that in electrolysis the act of breaking up a substance into a 
simpler condition, such as deoxidation, involves the presence of 
an EMF which takes no part in the usual formula, which is 
not active in producing current, that is to say, the formula must 
bo written E — e to account for the actual current produced. 
This — ¢ is just equal to the positive B which the it 
reverse act of oxidation will produce. On the other hand it is 
known that somo energy Sea which is not accounted for 
in the R of the cireuit, and this en again is exactly that 
correeponding to the chemical union on up; here then we 
have the two terms of E and energy connected and equivalent. 

557. This is commonly stated in the following manner. The 
work done in transmitting elect) y is as Ex Q (which is 
simply E x C in another form, without reckoni time, as 
C = Q-+T), and the same formula applies to doing against 
an opposing EMF, as in a decomposition cell. In this case 
a chemical combination is reversed, of which in most eases the 
calorific equivalent has been experimentally determined, a¥ 
in Cols, VII. and WHI. of Table STL 

Let H ropresont the heat of combination of 1 gramme of 
a substance; say, taking Favre's values, b; =3 
combining with oxygen, and zinc passing to sulphate 1623 

ries, 

Let A represent the noe or coulomb equivalent of any 
substance in grammes, Col. IX., Table XIIL, multiplied by 10 
to bring it to the 0.G.S. unit of current, the conlomb being 10>" 
J being the equivalent of the calory in ergs 42 x 10°, and the 
volt being 10° absolute units (see § 381), we have 


ExQ=QxHAJ 


An arithmetical result of this equation is that ae Q 
from both sides we have E = HAG, which means EMF = 


Enorgy. An example will make this plain. 





59. RQUIVOLT ON THE GRAMME UNIT, 
Tn the case of hydrogen burning, we have 
Hi = calories 34462 


A= "00001022 X 10 
J = 452 X 10" or 42,000,000 


alles 8°1701351 
1 COGS. units tof cena 


Volts of EMF due to the union of Hand 0 0° 1701351 


Th tho case of zinc forming sulphate we havo, 
1623 Log 372103185 
“00033324 X 10° ~3°5327571 
= 716232493 
0'3563249 = 2°272 


Then 2°272—1°480 gives +792 as the EMF of the combined 
i diacle 


section of zine dissolving and giving off hydrogen, values which 
‘ate closely the samo as those given by my plan and the equivolt, 


$545- 
ae Henco wo have this definition, the BM P corresponding to 
chemical action is equal to the product of the equicalent weight of 
the basic ton, and of the heat of combination of the two ions expressed 
as 0.G.8, units of work: that is to say, when all the elements are 
reduced to the absolute expression. 
it difficult to understand how in the face of such a 


oxprostible by identi 
Equrvorr yor Grams Sysr 


pression. 
be the calories per gramme in which form the 
usually Bae which Sopa once ascertained 
above, 
the calories corresponding to ampiros 6338 x 15°432 
97808"5 (tho time in seconds during nefits tes 





ELECTROMOTIVE FORCE. [560. 


current effects 1 gramme equivalent of action), = 23287°7 log 
"3671271. 

“4 We sai have a figure which is for the gramme equivalent 

and calory system precisely tho same thing as my aquivalt is 

for the grain equivalent and foot-pound system. us we 

have 


H hydrogen t gramme 34452 Log 4"5373405 
J gramme equivolt 23287°7 4°3671271 


Volts of EM F due to H and O as before 0°1702134 = 1°480 


Small differences in the various values are due to the 
different mechanical equivalents. 

560. In connection with these figures it may be remarked 
that Dr. Alder Wright has carried out a variety of experiments 
on the DMF soeeally developed in connection with hy cock 
nation of hydrogen and oxygen and found it to be 1*5038 volts, 
as close an approximation to the value deduced from the 
as can be expected when means of measurement differ so mui 
as may be seen to be the case in connection with the E MF of 
so definite a combination as that of the Daniell cell, and while 
both the chemical value of the ampére current and the trae 
mechanical equivalent of heat are as yet not exactly deter 
mined. 

561. Work or Hear Vantes as Tae Square or te Ouanest.— 
The following formulw give the heat or work developed in any 
cironit or any part of it by Geers the various factors in 
their proper units, E in volts, R in ohms, C in ampares, Tis 
time in seconds, and J is tho constant in each case 
in Tablo XVIL., p. 325, the valuo of the joulad of work: 

1 OxXRxIxT 

2 CxBExdxT. 

}. Bx Ix T 

R 

That is to say, in the same rosistance and time, the work of the 
curront varies as the square of tho current, or while on the 
formula 0 = 4 the current itself under those conditions varies 
directly in the ratio of the electromotive force, the work or heat of 
the current varies in the ratio of the square of the electromolioe 
force. 


This is a serious stumbling-block to many (expecially when 
| 
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regarding electricity as a fluid) who cannot perceive for what 
reason the there techie the Bebo ofa ‘lua passing should 
endue it with fourfold force; but all the mystery disappears 
when examined by the light of the molecular theory, as also by 
the aid of the hydraulic analogies, $ 436,40. Let us, then, study 
it in a simple experiment measured exactly by the figures wo 
have already obtained. 

562. Lot us take three exactly similar bicliromate oolls, A, 
A?®, A*, the force of each of which is, per Table XVIIL, volts 
4 ee the internal resistance taken as ohm 02 arranged an in 

1 75+ 


0 is a calorimetor, such as described § 352, the wire of which 
has resistance of 1 ohm. 

D is & depositing voltameter with two copper plates and a 
resistance of ohm 0° 200. 

Tho functions of these two should be fully understood: D 
measures current or pects y," pure and Leoeat so long as a 

avon current passes, exactly the same weight of copper deposits 
fi the same time, rats. 1 or 30 cells be earnlovel fay 
whether the resistance of D itself be -2 or 100 ohms, O 
Measures the energy or heating power of the current in a fixed 
resistance; if ite wire be 2 ohms instead of 1, it indicates double 
work done; but if it be 1 ohm, but the “ current” be doubled, 
then it indicates fourfold work. 

563- We wish to obtain through this cironit with one cell an 
ampéro current, what must tho resistance be? ‘The formula is 
= a 





A, internal resistance we ewe 
R, rheostat and connections; to be made = 


Under these conditions a current of 1 am 
therefore in 6338 seconds 1 equivalent of chomical action takes 
a throughout the circuit ; that is, 32°6 grains of zine are 
dissolved in the cell A (independent, of course, of any local 
action), and in D 31°75 grains of copper are dissolved from one 
plate and deposited on the other, while in C heat is produced 
equivalent to 4673 foot-lbs. of energy: that is, enough to heat 
1 Ib, of water a little over 6° Fahr. 

564. We must now assume a few conditions to adjust the 
experiment to the theory. Let us consider the wire of © as 
consisting of a single chain of molecules, along which, durmg 
the solution of an equivalent of zinc, 4673 impulses or mol 
vibrations are transmitted, each impulse being equivalent to 
1 foot-lb. of energy for each unit of current generated in 
the chain; these are the conditions of paragraph 3 of the dofi- 
nition of the equivolt, § 527. These figures, though 
oxactly express the facts, for it is oroelinly tho samo in the end 
whether one single chain represents euch action as 1 foot-lb, 
or whether a million Tinie chaing transmit each only one~ 
millionth of a foot-lb.; the total figures are true cither way, 
but the assumption enables us to form a definite conception of 
the facts, and to deal with them in simple figures, 

565. Under these conditions we may deal with the force in a 
simple Dr. and Cr, account, thus: 

Dr. Equivolta Ptelba, 
soquivalent of zinc . .. « « 2,248 10,503 
Or. Ohms, Equivelts. Pe-ths, 
Absorbed in deoxidation . . «+ °220 1028 
As heat in cell : 
Struggle of polarization, nil .. ‘coo. 
Resistance of oll .. 


BDG@s 6 
Resistance of calorimeter O 1000 4,673 


“ . "200 ” 
Resistance of general cireuit, } 828 1028 4,84 


2°248) 10,505 
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the present purpose, however, the actual figures are 
of small consequence atts: they are all duly pi isned 
566. We now insert a second cell, A‘, and our E MF becomes 
4°056, the internal resistances «400, and therefore we reduce 
that of R ingly, leaving total resistance the samo; 
then 25% = 2, Our current is now doubled—that is, @ marka 
acurrent of 2 ampires per second ; D deposits 63: ‘ins of 
copper in the Ra ivileet oaried, of 6338 Rte 2 Lae as 
much as before; but C marks heat equivalent to 18,692 foot- 
Tha, or 24°2 heat units, that is, fourfold energy, instead of 
like the rest. Why? There being two units of 
there are two equivalents of zine dissolved i each cell. 
There aro two cells, and therefore we have fourfold cuergy 
given np by, the zinc, But the chain of molecules is unaltered, 
it by inserting the second cell we havo doubled the 
put upon the chain, making it 4*056 volts instead of 
2°28, and therefore each molecular impulse has a force now 
of 2 foot-lbs.; owing to this doubled energy it overcomes tho 
Fesistance in half the time, and therefore the current is doubled. 
But the consequence of this is that in the time of the experi- 
ment we have now 4673 x 2 = 9346 molecular impulses (which 
Tepresont the “quantity” or current), each effected under a 
force of 2 foot-lbs., and as resistance means, and is measured as, 
effec each such impulse in the single time, these con- 
ditions imply that the work of overcoming resistance in half the 
time is, for cach ohm of resistance, 9345 X 2 = 18,692 foot-lbs. 
567. We now stato the second set of conditions in a Dr. and 
Cr, acoount like the first : 
Dr. 1 Ftelba. 
Gell A, 2unitsofzine., .. ; a ea 
Cell A’, 2unitsofzine.. .. "496: ae 8 
«42,012 
Cr Equivolts, Ft-Iba. 
Dooxidation 4 units at +220 “ "BBO 4,42 
Absorbed per ohm :— 


In doubling force 
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‘Obma, Equivolia Pt-lba. 
Resistance of cells . 400 a ” o 
ela of, general TY 628 628 = 1028 qttta 19,16 
Resistance of 0 .. * "000 "000s 18,692 


2°028 8'992 42,020 


The slight difference in the foot-lbe. is owing to the use of 
even numbers and neglecting small fractions. 

The experiment with three cells would give exactly tho same 
result, except that 9 avn of energy per ohm are required 
to maintain a threefold current, and it is needless to occupy 
space in working it out in detail. 

If in the second case we add an equal extra resistance, and so 
keop the current at the 1 ampdre as in the first case, we get 
1 equivalent of zinc consumed in cach cell, and the conditions 

mae ¢ 


Dr. Equivolts, 
2 equivalents of zinc = 4°496 


Or. Ohms, Evita. 
Deoxidation, 2 cells ” 
Resistance: 

Cella .. Po "400 

Circuit » 628 a 

Extra... .. «27028 =. 2"656 
©. Calorimeter... . 


568. This may be stated in anothor way, which will: 
the principle clearly, The units of measure we deal 
embrace four elements: ® mass or quantity moved ; (2) 
moved through, or the R; (3) time during. which 
produced ; i? the absolute force operating. The final 
any special case, as compared with the unit standard, 
in the ratio of each and all of theese four elements; 
course, in pate cant ‘The electrical measures are, 
linked to these several units. In our present experimen 
is a unit molecular impulse of 1 1b.; (2) is 4673 ft. (and this 
under the condition of unit current represents 1 ohm resistance); 
(3) is the duration of 1 equivalent unit current, 8 seconds 5 
is the volt, and in unit conditions links all. We have, then 
fore, in the first experiment of 1 any current, forces | 
expressed in line A below ; in the second, of ppc = 
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im same resistance, the conditions are oxy d by lines B and 
See eee weete the fine or current as the fixed 


3 
‘Time. 


1 
1 
2 


x 
x $= 


569. Prom all this it follows that, starting with the normal 
amount of energy expressed in the units, the energy needed to 
generate ourrent and the energy absorbed in tho cirouit or in 
each ohm of the resistance vary a8 a fact in the mtio of the 

mare of the current passing; but it is very evident also that 

statement that the work of a current varies in the ratio of 
the square of the current is, after all, only a mathematical 
expression based for convenience upon a single one of the two 
varying conditions, as with static electricity, § 71, for the roal 
fact, as shown in the soveral Dr. and Cr. accounts, is that it 
Yarios not as the square, but in the direct ratio of the current, 
that is, of the number of molecular actions in a given time, but 
that it also varies in the direct ratio of the force under which 
these actions occur; it is because these two necessarily vary in 
‘exactly the same degre, one being dependent on the other, that 
the combined effoct can be truly represented aa due to the 
square of either one of them. Tho same principle will be 
found eoatia every action which varies in the ratio of the 
square of its apparont cause, examination a i 
second cause 
therefore 


. We may now revert 

to the examination of “electric potential” from the 

other it of view referred to § 439, that which is involved in 

ite ition as work, § 76. All the facts and figures in this 

show that EMF is equivalent to energy sored in and 

upon a definite abaeuiie chain; that “volts” are as 

lhe.” of en thus stored; therefore, returning to 

the table of the “Force of Gravity,” p. 263, it follows that 

potential, that is clectrostatic potential, de to Col, VI. 

tial energy, head of water, although its jie equiva- 

electromotive force, equally measured in volts is best 

understood by treating it as Col. VILL, which is the aguare root 
of head of water or potential energy. 

573» The reason is that E M ¥ is employed simply to explain 
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‘resistances are reckoned in terms of the “head” necessary to 
overcome tham, which by so much reduces the head effective 
for generating current. We cannot adopt this process becansa 
the mechanical and electric analogy is not perfect, for reasons 
eet 44; the running water, the falling weight, retain in 
ives @ portion of the energy derived from the fall, ter 
in proportion to its rapidity, while in the case of electricity the 
is wholly expended in the current. Most hydraulic 
oeatalas relate really to this residual energy, which has no 
coutiterpart in electrical problems; on the other hand, it is 
Decatse the expenditure of energy within the circuit, which is 
the essential question in electricity, is in some aspects only to 
be expressed im terms of the square of the other quantity Q of 
$572, that Ohm's formulm, which relate to both quantities, ma: 
be treated in such seemingly inconsistent methods as n 
$$ 439 and 570. A : = 
575-, We can, however, deal with the analogy by considering 
the mit electrical conditions as comparable to those of a colamn 
of water 4673 feet in height, with a conducting pipo such as 
allows the unit quantity (4673 lbs. of water) to flow in 


8 seconds, which ia a current of pound +7373 per second; 
Pete cane the quantity and energy are Site in the 


same terms of the pound, as a rae ‘Corres ling to the unit 
of the ampére current, i. e. the joulad, which is +7373 of 
the footTb. KS 


‘The same idea will probably be more completely received by 
many minds in the form of a pound w ght suspended by a cord 
413 feet long, and doing work us it descends, in the normal 

of 6338 seconds. 
176. It will bo well to trace the relations out step by step. 

(a) ive force H means a quantity Q of potential 
energy (of which the unit = 1 volt is 4673 foot-Ibs.) char, 
upon a of molecules corresponding to a quantity Q, which 
is, for cach link of the chain, 1 grain equivalent of chemical 


the ase und ; : 
convernon Of energy 
action Q; both 
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the latter only, but it is necessary to extend the idea of the 
current to enengy as well as matter or electricity. Therefore 


” Unit time is 6338 seconds, and therefore unit O = yyy, of 
H hydrogen, and unit 0 = t8i = *7373 foot-lb. 

i; We see that in this formula T, time, replaces R, resistance 
Bo-cal in the ordinary Ohm's formula; in fact, the statement 
that current is quantity divided by time, and the statement 
(2) that rate of conversion or transmission depends upon the 
conditions under which it occurs, are the samo thing differ- 
ently ex; , for time is simply the inverse measure of rela- 
tive facilities of conversion and transmission: if the facility 
of transmission is reduced to half, as by halving the area of 
* io ae the time of transmission of unit quantity is 

bled. 


ticular requirements. 

hi) Electric resistance, the R of Ohm's formula 
really the time during which the unit quantit; 7 pene aed 
becomes kinetic, and this under unit oo is of thes gate 
equivalent is 38 seconds: but this definition is limited te the 
ea Tee Fr ae ae 

G ¢ conducting capacity of any circuit is proportional to 
oon acting upon it, § 443, fr hi is oly another way af 
stating the fact t current is as the EMF, or that the 
yosistance is alike for all currents. In other 
capacity: = ths anit x Fae 
§ 441, constitutes the artificial “ electric resistance” 
this is arrived at by methods apparently independent 
variable EMF, 


(k) To make the definition of ® general, we 
manner take into account the EMF o i 
shall find that R corresponds to T + B, time 
EMF, os to unit energy (#). But R = Tf direct 


Ox T=Q=1. In this caso also T ix really 
6338 + C, which in (f) is shown to correspond to 
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(2) The reason of this ix evident when we consider that, as 
energy, wo are dealing with limited quantities Q and 

Q divided by time T, while Ohm's formula deals, not with a 
xe quantity, bat only with the quantities related to a 
a 

(m) Thus, if we double E we double current ©, and therefore 
halve the time T during which the unit quantity Q (to which 
we are limiting our consideration) passes. But by doubling 1B 
we have doubled the quantity Q of energy connected to the 
teaterial quantity Q, and therefore we have these conditions, 
Baa.CandQis’ x T a1, 


2 
As to matter — ER 


: 
Asto energy 2.4 = 4.0 and Q is % x 

These are the conditions of (a), those of the unit molecular 
chain corresponding to Q, upon which are charged quantities of 
energy corresponding to Q x E, agroving also with the laws of 
energy as corresponding to C* x K or C x B. 

577. Probably » few examples may make the matter more 
e te 


| Action of Q = Evergy. 
ft-lb, 4673 
seconds 6338. 


Ta &igi00 unit time 6338. 
© "35 


T 25352 
unit Q 
z 


“2°9643663 


3° 3685710 
T Ar qoqOO47 
Energy expended por second = *og2t6s = ~a*ghgs663 
Showing the potential energy of the EMF converted into 
Kinetic energy in transmitting current. 7 
2a 


| 
| 
“E-6989300 | 
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values must bo tho same, whatever theoretical views we may 
connest to 


Tat P bo the potential energy of the grammo equivalent 
chemical reaction, genoratin, aia carent aera 


Calories per equivalent hydrogen +34452 4°5373405 
Ampére equivalent m 700001022 —5'0095453 
P = potential energy. ~1°5.468858 


h) This gives us tho potential onergy which we have 
avliable for charging w The molecular chain in which it is 
to be rendered kinctio. This value if divided by J gives us the 

fon of EME in volts, as in $8 557, and. 559; is i fact 
@ unit expression or value of P which needs to be reduced to this 
anit in order to give results in ampéres of current; but J is not 
a volt of EMF when so employed, but a form of the “ equivolt" 
§ 527 reduced to the ampire equivalent instead of the gramme 
equivalent of § 559, or the grain equivalent of § 526: that is, it 
expresses energy itself, not the HM ¥ to which the energy is 

fivalent when the existence of E MF is assumed. 

(@) Now J x A =C. That is to say, potential energy x by 
the capacity for transformation = the rate of conversion in the 

Chain in which it occurs, such conversion being 
effected by n molecular change which we can call a quantity, 
and measnre as current. 
anaes ‘This mode of considering the subject is exactly parallel 

ith that of § 441, where E x A= in accordance with the 
sual system of E M F and conduction. 

Of course this process is not proposed as having any importance 
as to practical nse, but it shows that the received formule, 
however useful, are purely artificial; it shows that the concep- 
tions of electromotive force and resistance aro mere expressions, 
not for facts or actual oxistonces, but for conditions; and it 

er disposes of the fictitious “contact force” by showing 
that pure energy accounts for all the phenomena which this 
foreo was invented to explain. 





CHAPTER IX. 


ELECTROLYSIS. 


81. Tho name ¢lectrolysis (breaking uy electricity) in 
oe to pa geoe, of transmnission of Phe 
fhrough liquids, when accompanied by the disrupti 
molecules composing the circuit, the constituent 
molecules being set free at the two polos. 

The plates in the decomposition cells aro called alecte: 
(olectric ways): tho plate connected to the -- pole o 
battery, the copper, platinum, or carbon, is the aneda fos 
as carrying the current out of the bat the 
nected to the — pole of the battery, the is cathede 
Oe aid at jing deco ition is the 

6 liquid unde Ty ea} ork 
molecules of an clarity poets into two radi “which 
are called ions (indicating individuality, and in anothor #01 
meaning going). ‘These radicals or ions form the two oli 
described § 158, and illustrated in Fig, 43, p. 122. 
which turn towards the anode aro alba waieuey 
cloctro-negative or acid radicals, such as oxygen, 0. 
&c. Those which turn towards the cathode are called oa 
they are electro-positives or basic radicula, as hydrogen: 
metals, The same ion may belong at different times t0 6 
these classes, if united to one haying a higher 
either direction, for there is no direct attraction b 
clectrodes and the ions themselves, but the relation @ 
simply upon the temporary polarity they assume in the eire 

582. Ions or radicals may bo single atoms, or Got] 
which act as radicals chemically, and these may | ren 


noo of eomothing it can’ resokiamy and’ 
as water, although water iteelf is not a 





iileas to be associated with the ellipses in Fig. 76; these represent 
the molecules and their constituent radicals or ions, expressed also 
in the chemical formule, while the symbols + and — show the 
classes of radicals, +- being tho cations, and — the anions; their 


Fra. 76, 


arringement exhibits the order of polarity sot up, while the 
arrows show the direction of the current within the cells and in 
the outer circuit. 

586. The laws of electrolysis usually accepted aro those of 
Faraday, who also originated the terms described. These laws 
are— 


L. No elementary substance can be an electrolyte —That is to say, 
the two ions must be differently composed. 

Tl. Electrolysis occurs only while the body is in the liquid state— 
This state may be due to eithor fusion or solution ; in the latter 
case many substances bocome olectrolytes by a secondary action, 

“P ieercheone of the electrol| resolved 

1 isie the components of the electrolyte are 
ato ico groups; one group takea a deyinite direction towards one of 
the electrodes, the other group takes a course towards the other 
electrode.—They turn towards the several electrodes in polar 
order, but are not attracted or moved towards them by a direct 
attraction of the polar electrodes. Faraday held that only sub- 
#lances containing single equivalents of ¢ach radical could act 
as , , but this is now superseded by more general 
conceptions, 


Seo also § 533. 
TV. The amount aa well as the direction of electrolysis is definite, 
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are expressed in volts, according to the system 

to 256, R Pee the total resistance, metallic 

circuit, © will be a figure which, multiplied 

bring it to “ chemics,” and by the proper figure in 

, Table XIUL, p. 319, will give the actual weight in 
set free in ten hours’ action. 

‘This formula can be extended into giving actual results, If 
is the electric equivalent of the substance set free, Ea con- 
stant representing the hydrogen valno of the ampére current, 

is for grains 0-c00158, for MmmMes O'CCCC1022, and 

Mivalent figures for ounces, pounds, &c., EK, force in volts, 

resistance in ohms, ¢, time in seconds, and W the quantity, 
or work done, 


(B=E-9¢) 


§98. There are, however, two ways of looking at the action 
which goes ou in a decomposition cell forming part of an electric 
eirouit. (1) We may regard the solution as 4 conductor, trans~ 

current exactly in proportion to its resistance. (2) We 

may regard the solution as a dielectric, and tho electrodes as 
condenser plates which wo can charge up to a certain potential 
at which the dielectric breaks down. Each of these viows is 
trne, and it is only by combi them that we can obtain a 
complete conception of the con . ‘Treating tho coll asa 
lonsir, we may, in fuct, sce t the conditions of static 


This view holds 
eae all liquids (a8 also for all substancos whatever), 
599- 


or not. 

Bae, in a condenser, tho dicloctric, though it does not 
transmit current, or only slowly, is polarized statically in tho 
gamo direction as though currents wore passing, and each 

each act of polarization that is, absorbs 80 much energy 
as inductive capacity can take up, and necessitates o 
Tee ena in the battery ; that is, each equiva- 

it chain to be polarized requires an equivalent of action in 
the battery, and will consequently show a corresponding current 


a, MS! 
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exist separately, but which likewise acts upon water, HO, forme 
HO, and sets froe O oxygen, also by a secondary chomical 
action, Wo may picture the reaction thus; 


Anode +{S0, Na, 80, Na, 80, Na Na = Cutie 
a HO Ho 


H OH 


The upper row of brackets show the original molecules of 
NaSO,, of which the end ones break up and react upon the 
water, which does not enter the polar electric chain. It should 
be noted that we have here, as in § 582, an apparent production 
of two equivalents for one equivalent of electricity, as we have 
at the anode an equivalent of free acid generated, and also O set 
free, as at the cathode we have free caustic soda and H as gas. 
If this explanation were truo, the E MF roqnired would be fist 
of composition of Na,SO,, and that is: 


NaO by Table XII. 14593 foot-pounds 
NaO + 80,, by Table XIV, ae = 


4973) 17732 = volts 3°8 


There would also be heat produced in the liquid equal to that 
‘of the action of sodium on water. w we know that an EMP 
‘of 1°5 volts is sufficient to jast set up the action, and that this 
heat is not gonerated. To understand what really occurs, and 

vid of the complication of direct and secondary electro- 
1, we must distinguish between the actions in the body of 
the ti id, and those which occur at the electrodes. 

The action in the body of the liquid consists of molecular 
motions transmitting the current, and the interchange of ions 
among themselves as they happen to meet with others capable 
of combining with them. ‘I'hese actions are entirely of the 
nature of renelance (except as explained $§ Gora): the current, 
therefore, will divide itself among any number of mixed clectro- 
rhe 8s among different wires, in the order of their resistance; 

jerefore, in an ordinary coppering solution containing a good 

deal of free acid, the current will be carried mainly by the acid, 

because the conductivity of sulpharic acid 1 to 11 of water in 
16 times as | ha as that of walghata of copper. 

» At electrodes there is a selective power—This is not 

‘on resistance, but solely upon the ratios of electromotive 

force absorbed in supplying the requisite energy. If several 

auions are in contact with the anode, that one will pipe 

Qs 
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itself botwoen the lines in the opposite ratio, and if each were 
measnred, and the common current were measured also in A, 
the sum of 1, 2, 3 would be equal to that of A. This latter 
in any caso; if A is a vol- 
tameter or a Smwe cell, it will give as 
much hydrogen as 1, 2, and 3 together; 
but the ratios between these latter will 
be quite another matter, Until the 
potential between A B and © D rises 
to “fit no current would pass; then it 
go wholly by 1; when it rose 
ag “968 a little would go by 2, but 
a small proportion; and it would 
roquire greater battery power than if 2 
were acted upon alone, because by the 
nwa of derived cironits, the EMF 
would be equal ut all the junctions of 1, 2, 3, with A B, and, 
therefore, the facility of passage oponed through 4, would 
tupidly lower the potential in the common conductors, and make 
it more difficult to raise it to the degree necessary to pass any 
current through 2 than it would be were 1 disconnected. 


616, Ecxcrrotytic Reacrioxs—We may now apply those 
theoretical principles to actual cells in which well-known 
reactions are carried on. 

(1) ‘The decomposition of sodium sulphate, instead of taking 
place by “secondary” action as shown in § 05. is effected by 


molecules of water entering the polar chain itself; the extreme 
dons of the chain go off as gases, and the formula becomes 
Water. Sodium Sulphate. Water. 
of so.* soNe goNe OHH 
Anode + 07; 80.) SOx, SON, Onn — Cathode. 
+ 


— at ee 
Acid. 


Tho upper brackets show the original molecules, and the 

r ones the result of the action; and I have individualized 

the atoms in order to show why a bibasic salt, such as a 

sulphate, takes two equivalents of current to decom it, the 

equivalent being based on rH. The student should compare 

this diagram with that in § 605, and thoroughly realize the 
difference of principles involved in them. 

‘This reaction requires 1*5 oquivolts of energy to effect—that 
is, 60 much energy must be given up by the current, in order to 
ae hydrogen free, and the cell will act as a -—e 
of that 





[es 


(2) But the anode representa the zine of a cell, and if 
it can combine with any anion or acid present it 
dissolves like the zinc, and like it gives a-4-energy to the 
circuit, If therefore the anode is made of copper, current would 
pass with less expenditure, and the action would become 


—— 
Anode + Ou 80, X* so, N* so, N80 HE _ Cathode, 
==> a eet nc 


126 1°92 


Here we see that the energy absorbed is 1*92—1°26, or only 
0°66 of an equivolt, because at the anode a reaction occurs 
which gives up energy; or, more simply, there is only absorp- 
tion at the cathode for setting hydrogen freo, in excess of that 
due to copper solution: if zinc were used in plice of copper, 
still less energy would be absorbed. 

(3) We may have at tho cathode also, an ion prosent which 
reqnires no more enorgy to set it free than a i 
reverse action at the anode will supply, then we have an 
electrolysis which is only a resistance, not a — electromotive 
force (§ 606), and which therefore the very feeblest forces ean 
effect. If we place copper sulphate at the cathode of the last 
reaction, it becomes 


RoR Eo 
Anode -+ Ou SO, N* 80, N* 0, X $0, Ou — Cathode, 
+126 — 1°26 


This is an ordinary coppering reaction, in which, to yy 
the analogy, I have used the soda sulphate in the cirouit, 
of copper sulphate or sulphuric acid as usual. The copper, in 
combining with the acid, gives up +26 equivolts of energy, at 
+ EMF, and the final act of decomposition absorbs the same 
as —E MF, leaving only the resistance of the cell to 
overcome, 

(4) In the ordinary voltameter with dilute acid we havea 
reaction which it will be seon resemblos the decomposition of 
sodium sulphate (1), but the hydrogen comos off at the eathede 
without producing any other substance thoro, because the acid 
itself supplies the hydrogen, 


a ee 
Anode + OH, 80, H, SO, H, — Cathode, 
coc ytd es Pete 
EMF — 1°464 





ing and reducin; its. Ozone is a molecule of oxygen 
perry tainin, Piten stirs testend of two, and with the third atom 
ready to leave at the earliest opportunity; therefore it will take 
oxygen from an oxidizing agent to form ordinary oxygen, and 
from a reducing agent to form water. The reaction 

which produces them may be written thue: 


Sho SH H| HO), 
Anode O80 fF HL jcathote 

An atom of oxygen released at the anode, and its two atoms 
of hydrogen acting on two molocules of water, so as to form two 
molecules of free hydrogen and one of hydrogen peroxide H,0,. 

such reactions give three atoms of oxygen to form a mole- 
cule of ozone O, at the anode. 

621. Small electrodes facilitate thia and other exceptional 
actions owing to two causes : 1, increased density of current, so that 
the molecules of H,0 in contact with the electrode are more 
tumultuously solicited by the nascent O, or in other words the 
fommon results of relative quantities come into action; a, the 


300, Off,0 HiofaNH, + 4H. 


4 


2HNO, 


nNo, (30 Nz Vem 


623. Dissoctariox,—When a current from a frictional machine 
enters water by means of ne 
is not, however, electrolysis, but dissociation ; both 
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clectrolysis when the potential rises the chemical 
affinities of the radicals, both oxprested in the equivolt unit. 

624. In tho electrolysis of common salt NaCl, for every unit 
of current one atom of hydrogen will be released at the anode 
throughout the action; but none of the other reactions will be 
uniform : at first the action accords with the ordinary laws, and 
for each atom of hydrogen there will be an equivalent of sodium 
hydrate at the cathode, and of chlorine at the anode, 


Cathode — H NO Na Cl Na Cl + Anode 


But, as the caustic soda accumulates, it carries a part of the 
current, and then commences a series of complicated notions 
at the anode. Chlorine is no longer given off alone, but some 
oxygen accompanies it by part of the chlorine regenerating 
follam chloride thus: 


#H HO Na Cl 
Cathode — _—— \ 
H Na OH NajO 
at 
625. The samo reaction also extends itself by taking up a 
molecule of the salt, and forming sodium h:; lorite, instead 
of setting the oxygen free, 


—_— = ~ 
HONa HHO NaCl 


Cathode — —___. ___ + Anodo 
HHO NaCl 


——— 


In consequence of this and similar reactions, chlorates and other 
oxygen salts may be formed at the anode when chlorides are 
electrolyzed, instead of the full equivalent of chlorine being 
given off, In the electrolysis of hydrochloric acid similar 
results occur, and oxygen is set free as well as chlorine, and 
the ratio of oxygen Increases as the acid is weaker, because 
thore are more oxygen atoms in the vicinity of the clectrode, 

It is probable that the electrolysis of salt will an 
important part in the pean arts, more remap A) 
a8 it is easy to control the action and to secure application 
of the exact quantity of chlorine required without wo 
leave the fabric exposed for any longth of time to the: 
action of acids. 
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626. These varions oxamples have beon selected because they 
have a deep significance hitherto overlooked. They have been 
commonly dismissed as slight exceptions from the established 
laws of olectrolysis, or as incidental results of “ secondary" 
action, Py really show that this indirect, chemical, or 
secondary action is a delusion; dismissing it, we can ascend to 
that higher and more general law formulated, § 610, with all its 
theoretical and practical results. 

627. In electrolysis there is no direct transfer of ions from ono 
electrode to the other, bnt a constant interchange of radicals in 
contact, which owing to the selective power exerted at the elec- 
trodes tends to the accumulation of two classes of radicals, 
which in the case of salts in solution would ultimately result 
in collecting all the acids on one side and all the bases on the 
other, as described § 630; but this could never be effected as 
many suppose by a current equivalent only to those products, 
because a sila reversion of aes action P| diffusion of the 

roducts wi on: in practice, also, in an ordinary depositin, 
Han the reault of eimai action is the dranaser of the 
metal of the anode to the cathode. But the anions or chlorous 
radicals tend to accumulate most rapidly, and this has important 
results in electro-metallurgy, because these chlorous radicals 
act on the anode and surround it with a heavy saturated 
solution; while the removal of the metal at the cathode tends 
to produce a weak and acid solution there, just where a dense 
metallic solution is most desirable; in fact, if we use a neutral 
solution of copper sulphate in a cell } porous partition, and 
drive a strong current through, in a little while the anode will 
be covered with crystals of sulphate of copper formed there, but 
unable to dissolve, while the solution at the cathode will be 
exhausted xo as to give the motal only as a powder. 

628. The mode of transmission of ions and the way in which 
tho metal of Peete ae jeenattrred to the sty le may bo 
represented in the followin; ram, in whi r in 
supposed to be immersed in sulphuric acid: oS 

I  —— 
1. Cu SO0,H, 50,1, 80,0, 
Anode 2. Cu 50,Cu SO,H, SO,H, Cathode, 
+ 3. Cu 80,Cu $0,0n 80,0, - 
4. Cu 80,Cu 80,Cu80,Cu 


The upper brackets show the constitution before action, and 
the lower ones the result of one action upon each molecular 
chain ; after each action, which involves a rediatribution of Un 
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of these soveral quantities, related to the atomic datum, 
hydrogen. 


‘eoooto22 | toro222 | *036799 | oraazaa 
sooorg77s | "157745 | “567899 | 157°745 1 
Ounce Troy | -00000033 | *co0j29 | scornhy -3abea 
Onnee Avoir. | +00000036 | +000361 | *oora98 +360570 
Pound Avoir. | -ocoov002 | -o00023 | *oooosr +022536 


If Mascart's amptre value is preferred, § 385, these figures 
would have to be increased 1*g per cent. i. ©, multiplied 
by 1019. 

ey Tet k represent (a in § 597) the one of these selected as 
the unit current value, and o the electric equivalent of any 
substance, then 


k x v = Wor quantity of the substance. 


ise clectricity required in the 
Bue 3% corresponding unit. 


Q 


me 


In these, time would be hours, if ampére hours were the 
unit; for other units multiply Q by 1000, &c., when time will 
be in seconds ; or any other ratio can be used, 

In practical application another consideration has to be taken 
into account, viz. the “density of current” suited to the 
circumstances, which is explained §$ 674 and |, where also 
will be found examples of the use of these formul 

634. The same principles may be applied in another way, 
peployed by Dr. O. Lodge in his papers on secondary batteries. 
Thus 


‘Then 


= Current, and g-9— = Time required. 


Weight of anbstance acted om ‘Ordinary atomic weight 
ins single cell in pounds of the mubstamee 
Quantity of el y passed 13,000 times the mumber 
‘through it in ampére-hourn of bonds released per ates, 

‘This number 12,000 is a round number in place of 12,020 
12,098 according to the value used above: it is derived from 
the fact that 9505 C.G.S. units is the electric quantity ourre 
sponding to1 gramme of bydrogen, i. e toone* bond" released, 
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according to Mascart’s value. The value -cooo8: pound in my 
table is in fact the reciprocal of this 12,000, and the division by 
the “ number of bonds released” is effected in ascertaining the 
electric equivalent, 
635. For practical oporations it would be advisable to trans- 
late the general #cientific terms and values into corresponding 
ial terms; that is to say, instead of reckoning currents in 
smpéres it would be better to measure them directly in terms of 
the special work ; this is, in fact, using an enlarged form of my 
chemic unit; thus an electrotyper would measure his current 
in terms of ounces of copper per hour or pounds per day, and an 
electro-plater would measure them in the wunces of silver 
corresponding to them. Then galvanometers could be graduated 
in those units, as I have long been in the habit of doing, and 
with one controlling each operation, the ordinary workman 
would understand what was going on, and mere gucss-work 
would be reduced to exact knowledge. 





CHAPTER X. 
ELECTRO-METALLURGY. 


636. Although electro-metallurgy is a 
and its successful practice may be accom} 
small modicnm of science, this is true 


ting, or even, having 
solution, to at once 
may as well resign 
Rimself to disappointment; he must go thi an 
ship, by first learning ecoagly how to deposit ‘in any 
required condition; this is a cheap and perp hn, 
and all the secrets of electro-metallurgy ean be there, 
and, once mastered, success in the other departments #4 
assured, and only slight instructions are necessary for each 
special case. 
wee ‘The first thing omontial to be considered ieitinmea 
of the force, i.e. the best form of hattery to employ, We 


require a battery easy of management, giving: be current 


at moderate cost and of tolerable constancy. dopond 
upon the amount of use to be made of the apparatus, for the 
conditions are very different when the instrument i to’ be kept 
steadily at work, and when it is to be used onl; fits and 
starts, For most purposes the Smee is to be before 
any other ordinary form; but a careful ea the 
treating of the different batteries will enable the ro 
scloct the form most suitable to his pu 

On the largo scale the battery is being entirely supen 
the dynamo machine, on account of its 


greater a0 
do not propose to go into the use of ths aeshisetta 
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which is addressed to general readers, rather than to the details 
of ings applications; the use of the dynamo is governed 
by the same principles as that of the battery, its management 
consists simply in controlling the EM F and the current so a8 
to produce the intended results, 

638. The basis of all knowledge is experiment, and the very 
essmee of experiment is exactness; and this latter can be 
obtained only by regular measurements, a matter rarely attended 
to in electro-metallurgy. It is impossiblo to unge too strongly, 
alike upon the learner and the prootical operator, the advantage 
of keeping in the circuit a suitable galvanometer which will 
always show whether operations are going on properly, call 
attention to any irregularity, and measure at every instant the 
actual work doing, while showing the effect of any variation in 
the conditions. In this way the work itself soon teaches ite 
laws. For most purposes in motallurgy a vertical detector, § 336, 
will be found suitable, as not needing exact placing, and not 
being disturbed by marenboaring magnetic bodies, when, as is 
cou, two similar needles are mounted on the axis with poles 
reversed, For experimental purposes, however, the instra- 
ments, §§ 332-5, aro expressly adapted, and many of the ex- 
periments and figures to follow relate to their indications, 

639. The various principles and processes classed under the 
name of electro-metallurgy may be classified and studied under 
several distinct heads, and sound knowledge can be obtained 
most readily by carefully distinguishing these heads. The 
mere process of removing the several metals from their soln~ 
tions is a part of the general theory of electrolysis, of which it 
is a practical application ; that theory therefore should be care- 
fully studied in Chapter IX., so that in each given case we 
may secure the metal in such conditions of cohesion, colour, &e., 
be Sa Then lotely di bj hi 

‘There aro two complotely distinct objects sought in 
difoent cues. . : e 

(1) We require to form a fresh object in metal which is to 
have a separate existence of its own, and must, therefore, 
possess no certain substance and strength ; this class of work is 
tistally called eleetrotype, such as forming of copper plates, solid 
veasels, duplicates of coins, medals, &e., and divides itsolf into 
the two cases of deposits on metals, and on non-metallic models 
the Beret of pela dasity be ender tase fie 

2) We require the newly formed metal to incorporate i 
wib ane near it is pace and which it is our object to 
protect from atmospheric and other influences or to beautify ; 
this class of work is called electro-plating. ais 

s 
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and how to secure that condition, if it is desired to avoid the 
most mortifying disappointments. 

643. If, on the other hand, we desire a non-adherent removable 
deposit, we require ordinary cleanliness, the removal of loone 
extraneous dirt, and everything which would interfere with 
the formation or beauty of the repeat but we must carefully 
deface chemical cleanness of surface by means described, § 650. 

SH. Articles may be cleaned either by dry or wet processes ; 
tho first, of course, consists mainly of brushing with the aid of 
polishing materials, fine silver sand, emery, tripoli, whiting and 
Fouge, according to the nature of the article, It should be 
observed here that whatever condition we desire in the finished 
article we must produce in the object before commencing de~ 
position : bright parts should be burnished, and all Tongans 
of workmanship smoothed off, and all file marks and scratches 
carefully removed. There is, however, this limit to this obser- 
vation, that in adherent coatings abe luto finished polish is not 
desirable, and even though it is proper to burnish the required 
parts 80 as to give a close finish, yet before actual deposition 
this burnish should bo slightly and superficially removed, as 
perfect adherence is less easy to obtain on an absolutely smooth 
surface; an instant’s dipping in strong acid is enough to give 
the burnished surface the capacity of adherence without de- 
terjorating from the beauty of finish. 

‘Thore is reason to suppose that the deposit is not merely & 
cohesion of two distinct surfaces, but that the deposited metal 

tes to some depth within the surface and forms a partial 
alloy or chemical union: the hard burnished surface would tend 
to resist this, while the open granulated surface left by the acid 
would facilitate the union. / 

645. The best cleaning and polishing apparatus is in the form 
of circular brushes mounted upon a lathe; in factories this is 
always omp! in the form of the ecratch-brush lathe, a rough 
affair driven by steam or by a common treadle, with fittings to 
supply & constant drip of Various liquids found to facilitate the 
action, such as soap and water, stale alo, &c, Amateurs who 
have no lathe employ the common hand brushes of bristles of 
various degrees of stiffness; for the harder work of ene 
the wire “card” is very useful, and for the more delicate worl 
Koratch-brushes are employed, in the form of bundles of very 
fine wire bound round with stronger wire (which is unrolled as 
the wires wear down). These are made usually of hard brass, 
but iron is algo needed, and in some very delicate work, brushes 
of epun glase aro useful. The same sort of brushes are em- 
ployed in finishing off the articles after deposition, 
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free nitric acid in this moroury solution, and whenever there 
forms a black deposit somewhat adhering, it is evidence that 
the merenry is becoming exhausted. Solder, lead edges, &e., 

jive much trouble, as it is very hard to prevent a black line 

x at the junction, which prevents silver taking; these 
spots oe be treatment with a stronger solution of mercury, or 
& plan I have somewhat modified from Watt’s may be often 
used : to.a soft brush (camel’s-hair Parcel) tie one or two iron 
wires of No. 25, or thereabouts, so bent that the points closely 
follow that of the brush, which is to be dipped in a weak solu- 
tion of sulphate of copper freo from acid, and drawn over the 
solder, the tron touching it; a reaction is set up, which causes 
the copper to be deposited in a thin adherent film, on which 
the electric deposit will fix itself. Nitrate of copper, prepared 

dissolving the metal in weak nitric acid, is even better than 
sulphate for this purpose. : 

@ ritannia metal, peicter, tin, and lead should not be dipped 
in the acid pickle, but rinsed in a fresh caustic soda or potash 
solution, and transferred at once (without passing into water) 
into the solution for silvering. ‘The reason is that the oxides 
of tin and lead are soluble in caustic alkalies, while the 
producta of the action of acids are not soluble. 

Fron and stecl aro soaked in a solution of 1 1b. of oil of 
vitriol in a gallon of water, with a little hydrochloric and 
nitricacids added. Cast iron requires somewhat stronger solu- 
tions and very careful rubbing with sand, &c, Steel, on the 
other hand, requires weaker solutions. They may often be 
effectually and specdily cleaned by treating them as anodes in 
this solution, using a plate of copper as a cathode. 

) Zine may be treated similarly, but it is desirable to finish 
with a dip into stronger acids before the final washing. Most 
of the French “ bronzes” sre made of zinc, and some do well 
for silvering on. In these last cases no copper or other metala 
should be aeped in the baths, and soldered joints must be 
treated as described above, 

These lattor classes require special proparations and troat- 
=e in the depositing sien) Geet the same caniteee 
rantageous as in the cleaning processes, and the detail 
she be given when treating of the Mopoiting processes them-= 

ives. 

» Pagpanisa Op Work.—In replating old goods it is 
petit that the former silver, 6, sbonld removed, other- 
wise a black line forms at the junctions, and sound deposit 
cannot be obtained. Jn factories, this is usually effected 
mechanically by the scratch-brush, with the aid of oil awk 
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always be as small as possible, though it may be fixed to a 
stonter wire at a short distance. These connections may 
generally be attached before cleaning: if otherwise, they 
should be fixed under water, and with the hands scrupuloual: 

clean. It is an advantage to pass these wires through a small 
glass tube reaching above the level of tho liquid 80 as to check 


spat upon the wire itself. 
‘he mode of conncoting non-metallic objects is described 
§ 662. 

650, Removaste Derosirs.—Evecrnoryrrs.—The objects on 
which these aro to be formed should be made simply clean by 
the removal of loose dirt; if metallic, they should then be 
lightly rubbed over with a tuft of cotton wool moistened with 
epentioe, with a piece of becawax the size of a pea dissolved 
to the quarter piety this, when dry, will not interfere with the 
deposit, but will prevent adhesion. ‘The back and all parts not 
intended to be deposited on should be covered with varnish or 
wax for acid solutions, or treated as described, § 663. 

651. Movtns—Many of the objects desired to be reproduced 
have to be deposited, not on the objects themselves, but upon 
copies or moulds made from them, and some judgment is 
necessary in selecting the best materials for the purpose; we 
have to consider (1) of what material the original object is 
made, and (2) the material which will work best with this, and 
at the same time snit the particular process of deposition to be 
used; thus we must avoid using a material which might injure 
the original, and also ono which would be acted on by the 
solutions; this latter being the case with all resins, wax, and 
stoarine in cyanide solutions. We should regard first the 
objects to be moulded from, the processes being considered 
in the order of their advantage. 

{t) Metallic objects, coins, and medals, &c., are moulded from in 
fusible metal, peaitaberchs and marine glue, plaster of Paris, or 
composition ; the surface should generally be rubbed with sweet 
vil to prevent adhesion; or if it is not objectionable, they may 
be well on with plumbago. 

(2) Plaster caste may be moulded from in plaster, in which 
case thoy must be rendered perfectly non-absorbent by tho 
moans describod § 654; they may also be copied in composition, 
in which case they must not be so cca or the object and 
mould will adhere, but must be so saturated with water that 
the surface is moist but not wet, at which stage the composition 
can be poured on. 
in 2) ‘oz or Sulphur objecta may have moulds taken from them 
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uth, to which the ready fusibility is due. ‘The mixtures 
most available are: 


Lend. Tin. Antimony. Bismuth, Fase at 
5 3 ° 8 an? 
2) 5 4 1 8 
i 1 © Cadmium. 2 200° 
4) 4 SS 


The metals are to be melted and added in the order in which 
they are arranged, stirred well together, and lated #) 
pouring gently into water. The alloy should then be 
afresh, and granulated two or three times to insure com) 
mixture. The value of these bismuth alloys arises from 
assuming (as solder does also) a pasty condition before setting, 


cover, 4 little larger than the m to be copied, is 
oiled, and sufficient melted alloy ia poured in; it in 
placed on a table, and ey i @ piece dest till it becomes: 
pasty; its surface is then lightly swept of any oxide, 
pons the edge of a card over it, and the medal, age 
attached to a holder, is brought sey and firmly down 
lo 


and from their expanding in the act of cooling, thus taki a 
very sharp elena A small paper case, such as & 


Tie. metal, pressed till it sets, and on till the whole 
ii 


is cool, 

Spence's Metal, which is an easily fusible metallic sulphide, is 
an excellent material for taking casts, and the process is very 
similar to that with fusible metal, 
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answers perfectly. For large surfaces sheets may be ned. 
should be warmed, one edge brought carefully in contact, 
and the sheet gradually lowered while an assistant presses it up 
to the object; in this case the sheet must be new, as gutta- 
percha oxidizes and forms a hard surface, which would k 
up and deface the mould. A mixture of two parts of gutta- 
percha molted, and one part marine glue added, is in some 
respects superior to guttapercha alone. The glue, which haw 
Many uses, is best bought, as it is troublesome to make; it 
nap of 1 lb. caoutchono, soaked for twelve days (till 
dissolved) in four gallons of coal naphtha; to each pound of 
this liquid two pounds of shellac are added, and heated in a 
closed vessel till incorporated. For guttapercha moulds the 
objects should be lightly olled to prevent adhesion. Gutta- 
is not suitable for use with cyanide solutions either as 
moulds or for lining of cells, because it is mony acted upon. 
654. Prasren or Panis.—This is sulphate of lime, or gypsum, 
deprived of its water of crystallization. This is effected by 
heating to 500° Fahr.; if heated beyond this, it losos its power 
of setting, but when properly propared it has so strong an 
affinity for water that in combining with it a solid substance is 
fo The plaster should be fresh, and it is best to warm it 
before use in an oven, or over a fire, till it bubbles slightly *; 
it should then be dropped lightly into a vessel of water, the 
excesn of water poured off, and tho material worked up to a 
paste capable of being poured out. The object. to be copied is 
oiled, and if flat is placed in a frame of sufficient depth and 
covered with a thin paste of plaster, brushed in to secure 
freedom from bubbles, and then the plaster is poured over till 
sufficiently thick. It should be allowed to set thoroughly 
before removal, and then baked gently to remove moisture, 
It must be thoroughly saturated with a resisting medium— 
a ine, or paraffin; and the best mode of doing this 
iw to place tho mould with its face upwards in a vessel con- 
taining a little of tho melted substance, and heat till the fico 
shows that the protecting agent has been dmwn to it by 
capillary action; then warm the mould gently by itself to 
Temove any excess, and allow it to cool before applying the 
plumbago. Some use boiled oil, but it is not safe, as it requires 
to be very thoroughly dried before it can be trusted in the 


erg curious phenomenon oosurs daring ths heating of plsster and many 
; they assume a condition like Auidity, and may be stirred like 


‘water: some attribute this to electrification and matual rep ion of the mole~ 


eulis; bot I think it ix due simply to the expansion of the film of air which coats 
‘ech particle, as in § 642, and which also enables a needle to float wyon water. 
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solution, Moulds well made can be used, and the 
waturating material can be recovered by 
into pieces and boiling in water, when the substance will 
geal Poca a fllma‘on the wil ter corennta 

655. Wax Comrosiriox.—Many materials have been recom- 
ment ad the object of the pail a to gp el 
ing: this is partly effected addition a 
flake white, carbonate of lead (which, however, is partly acted 
on by the solutions), plaster of Paris, red ochre or plambago 
(powdered haa g }, which assists in producing a quick and 
even coating. ‘The best mixtures are 


Wax. 


3 
1 


detached. See also § 660, 

656. Sonn Onswcrs—Moulds of these have to be taken in 
two separate parts, They should be bedded to half their depth 
in fine sand or other powder, in a case large enough for 
purpose, and three or four pogs or wires in and 
from the surface of the sand; the moulding material is then 
poured on, and when cold, the case is reversed, all the sand 
removed, the surface of the mould trimmed and prepared 
to prevent adhesion, and then material is 
inclose. the object entirely; when cold 
panos deposits may be made upon each mould, and the 

ges united with solder. Some objects may require more than 
two divisions of the mould, but by similar means (which are, in 
fact, the ordinary process for casting motals) any complicated 
Sud my be copicd, unless the elastic Hf) process is 
preferred. 

657. Busts axp Uxperour Ossecrs—The latter 
moulded from direct, They can have a mould taken in 
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them with film of plumbago or blacklead. The ordivary 
article sold for household use cannot be relied on; it is best 
obtained of a dealer in scientific apparatus, because, though 
they ays a ‘very long prico as compared with the common 
articlo, a little also a very Jong wey. and much trouble is 
saved. The gas genie used for plates, &e,, if very carefully 
und in water, answers perfectly, The connecting wire 
should be carefully adjusted to the mould, by imbedding in the 
plaster, or in other materials, by warming and pressing in, and 
it care must be taken to make the plumbago film commonce 
in contact with this wire. In large moulds it is desirable to 
arrange the conductor before moulding, and to solder to it 
(within the space to be occupied by the mould) a number of fine 
copper wires, the ends of which are to be placed in contact 
with various parts of the surface of the object, selecting points 
not likely to be defaced, and especially the Med ae points of 
any cavities; tho points of these wires will form so many 
starting points and junctions with the plumbago; with medals, 
&c., it is best to take a wire all round the ciroumference, Wires 
may be applied during the first period of depositing, so as to 
touch the Anished mould on its and form temporary con- 
nections which are to be taken away as #00n as a complete film 
has formed over the whole surface. Such wires should be 
rendered non-conducting, except at the points, by painting over 
with varnish, so that they shall not take deposit themselves ; 
they should be removed or cut away as soon as a clear film of 
metal has formed over the whole surface. The plumbago is 
best applied with a camel’s-hair brush, working it lightly in, 
and occasionally breathing lightly on the surface if the powder 
does not readily adhere; in some cases, where there is obstinate 
non-adhesion, the spot may be held for an instant over the 
mouth of a bottle containing spirits of wine. In some cases 
plumbago is unsuitable, as when a hollow vessel much undercut 
or chased is to be copied; in this case the phosphorus solution 
and process described § 660 is best employed. I have udvised 
the use of powdered graphite in moulding materials, with the 
object of facilitating this coating and connection, as it renders 
the materials ially conducting. Some recommend placin 
the mould in a dilute solution of sulphate of copper, dusted wit! 
fine iron filings which Ling he a film of copper mud which is 
to be gently brushed over the blackleaded surface and into all 
hollows so as to make a thin layer of copper upon which the 


wpe forms. 
3. Stopping of.—Wherever plumbago has accidental 
touched parts not intended to be deposited on, and also in 
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of tho doposit is likely to suffer. The question of cost is of lees 
moment where dynamo machines are used, but the quality of 
the metal and its colour have to be considered : with NY 

> we have generally provided an EMF in oxoess of 
what is required, and the process of management consists in 
lowering it either by adding resistances or by shunting off a 
portion of the current. 

670. The electromotive forces of the batteries useful for 
electro-metallurgy are, roughly and for average continuous 
working, in volta :— 

24 en I 
4 Nitricacid cells... 0 0.0 oe we 196 

‘These give results in B.A. units of current or ampéres ; and 
if multiplied by 5:68, give the current in chemics, and there- 
fore express at once the weights of any metal deposited in a 
given time by aid of the equivalents given in Table XII. 
Pp ae or in § 632. 

electromotive forces required for depositing metals are, in 
volts, about :— 


Be Coppers, oe eee Hh HO 
LAE dts Oe rrr eae] 


3. Gilding selrse snd vee) wer ane © ngite 


That is to say, 1 Smee or Daniell is enough for coppering, 
Smecs or 1 eave for silvering, while pilding may Te effocted 
with from 1 Smee to 2 Groves, according to the conditions of 
the work ; providing in all cases power is not wasted by need- 
Jess resistance, bad connections, thin wires, &c.; but higher 
forces are required to obtain quick deposits. In fact the real 
test in all cases is the production of that density of current which 

i proves to be best adapted to the particular solution 
nay the actual work. 

671. Resistances should be balanced so as to be about equal in 
battery and cell, This may be roughly put thus: the surfaces 
exposed of zincand negutive in battery, of oie eo dissolving- 

or anode in depositing cell, should all have nearly the 

same area (except in gilding, where resistance is needed). The 
resistance may be greatly varied in the depositing coll by 
size of anode and distance apart. Thus it will be 


of 
geen in §§ 3, that in some cases it is very desirable to have 
‘some distance between the plate and the object, wii 
» 
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unite, 


foot or Ib. 1-5 per 24 hours, 
wwover, and éach kind of solution of each metal, 
has its own proper density of current, and one solution will 
war in the case of inconstant solutions, such as the cyanides, 
while temperature will greatly vary the suitable density of 

current. 

Also the naturo of the surface must be taken into account, as 
one with projecting points or a se geree surface will work 
ith tho same curront which deposits admirably on a 


680. Positiox.—Place a strip of copper, at least 4 inches long, 
vertically in a vessel with a corresponding anode, and pass a 
small current, leaving the apparatus undisturbed for some day 


Tt will be found that the anode is dissolved away mostly at 

top, and if thin, it will be perforated with holes, or even cut 
completely through at the surface of the liquid. The cathode, 
‘or receiving plate, on the contrary, will have a thick coating at 
the bottom and least of all at the top. The edges will be 


formed of groups of nodules, ele ms thick edging, and the 


lower corners will show this particularly, and bulge out some- 
what, Besides this, in all probability, the whole surface will 
be marked by vertical lines, mostly commencing in a dot, and 
forming a sort of prolonged note of exclamation ©. Now 
repeat this experiment in a rather long narrow trough, or in a 

with a porous division, or even in two glasses connected. 
together by a siphon or some thick cotton wick, and use a 
saturated solution of copper sulphate with no acid. In a short 
timo the anode will become coated with small crystals of 
sulphate of copper, which will entirely stop the current, and the 
previonsly po conditions will be exaggerated at the receiving 





the rod to be placed as desired ans of the 
‘Tho anode plates are hung Satine rods Pare ec 


as required, and the objects are slung by wires from the lower, 


or — rods, which are connected to the zine of the battery, 
This frame can be placed over any vessel if provided with « 
support, and can be lifted ap slightly, and moved about occa- 
sionally, to disturb the lignid. 

688. Morion or THe Ossects,—The quantity and quality of 
work done are both improved by keeping the articles in motion. 
Ttis evident that tho solution in the immediate neighbourhood of 
the objects is boing impoverished by the action, as explained 
§$§ 627-8, bocauso the actual metal is dissolyed at the anode 
and removed at the cathode, while the actual molecular trans~ 
mission of current may be made in the solution hy atoms of 
hydrogen instead of metal: this of necessity alters the character 
of the solution; and motion distributes the two different 
portions. But the current is diminished the —- EMF due 
to the different character of the solution at the two electrodes, 

689. If a cell has a galvanometer in circuit, it will be sean 
that the deflection increases the moment the electrodes aye 
put in motion: the cell will in fact do from 10 to 20 per cont 
more work if constant motion is maintained than if the artioles 
are at rest, 
ees The simplest mode of obtaining motion is to mount the 

le plates and the objects, or the latter alone, os frum 
snch as Fig. 78 fitted with four little wheels ‘upon & 
rail on the edge of the vetsel, which ia with advantage ; 
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produced by dipping in a weak solution of sulphide of ammonium 
or of pally drying, and polishing with an oiled or waxed 


the object over it, and covering with a 
offoct ia obtained, 
antique, for busts, &c.—Sal-ammoniao, 8 parts ; sea-salt, 
8 parts; liquid ammonia, 15 parts; white vinegar, 500 
Brush over with this solution several times and allow to 
slowly. There are many other processes, but the foregoing are 
the most simple and effective. 

698. Quasmry Derosrrep.—This may be calculated by the 
figures given §$ 632-3. Thus we may inquire, how many 
pounds of copper can be deposited in 24 hours upon an 
area of it square feet. The mode of estimating this applies to 
every other form and to every other metal by simply replacing 
tho special figures used in this caso by those suited to any 


CARO, 
‘Thus we learn in § 673 that the limit of density of current for 
is 24 ampéres per foot,so that the current here would be 
24 X 3°5 = 84 ampéres, and 84 x 24 = 2105 ampére-hours. 
m the table § 632 gives us the ampére-hour valuo, and the 
electric equivalent of copper being 31°75, we have 


31°75 X"CCOOBL x 2106=5°42 lbs, of copper. 


Tf worked out in detail, the student will see clearly what 
changes are necessary to adapt the formula of § 633 to any case. 


&, Ampire grain unit, 000158 .. —4°1986571 
%, Copper equivalent .. ., 4. 15017437 
+ a 441549020 

24*  1°380an12 

3600" — 3"5563025 

24013802112 

so 3°5 0°5540580. 

Copper deposited 5°32 Iba. 0*7260957 


Tn good actual working the current is not pushed to this 
degree. Tn electroty pi the plates for the Ordnance Survey the 
rate of deposit is beat #1, per 24 hours, which is only half the 

sbove amount. 

65. Ovaxine or Porassium—The commercial article varies 

in quality, that it is almost uscless to give quantitios 
use, There two sorts, the white which is commonly 
and the black which is tho best, Tuargtit ener, 
' x 
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deposit, especially with the baser motals, 
requ to be effected under eaten EMF than ordinary 
working, but not with too large a current—that is, too quickly.’ 
The way to effect this is to employ a powerful battery of small 
cells, and to use only a small anode, on the principles described 
§ 694. The EMF must not be such as to give off gas. 

710. In any case, after the first deposit is perfected, the object 
ought to be removed, washed, and well seratch-brushed, to see 
that the deposit is perfectly adherent, as it is more pleasant to 
strip it and start ufresh then (if n ) than after the whole 
operation is supposed to be completed. When a thick coat is to 
be put on, and especially if there are ornamental edges and 
points, it is well to examine now and then, and if any nodules 
or ronghnesses are forming, to file or work them off, peasants 
cleaning the article before replacing. Objects should on no 
account be touched with the fs hand, but kept under water 


containing a little soda or potash, or cyanide of potaavium, and 
handled only with perfectly clean faite: 

711. Discoxnecren Onseors—An interesting experiment will 
illustrate the ntions necessary to observe with objects, and 


algo that iar state of the liquid which is called polarization, 
and which is the primary condition of electric transmission. 
Suspend two plates, connected with a battery, as far apart as 
the vessel allows, or, say 6 inches or 8 inches; in the centre of 
two plates of copper, an inch or 60 square, punch holes, and 
rivet them firmly on the ends of a stout wire. Now suspend 
this arrangement in the liquid between the plates, but not 
touching cither, and having no metallic connection with the 
battery, but isolated in the liquid. After a little time it will 
be found that the end facing the anode is well costed with 
deposited metal, while the other end has evidently been 
dissolved; the intermediate wire will share these two oon- 
ditions up to the middle, but the principal action will be on tho 
ends. The Shee has been, in fact, polarized in the sume 
manner as cylinders aro, in static electricity, when approached 
to a conductor, and the action is distributed in exactly the 
same abe a static charge would have been, in the 
ratio to the resistance between each particle and the conductor. 
This shows that objects should never be left in the solution 
when not being deposited on; if an object accidentally falls 
from its wire, it should be at once removed and rearranged, for, 
if left, this effect will be produced upon it. 

‘The effect is not well observed in a silver solution, owing 
the chemical action of the copper itself, and it requices m Stang, 
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The chloride of gold solution may, if preferred, bo noutral- 
ized with caustic soda or potash (not carbonate) until it ia 
decidedly alkaline, and then cither cyanide of jum may 
be added, or hy io acid distilled into it to 1! down the 
cyanide of gold. This solution is, however, very apt to retain 
as in solution with the residuary alkaline salts. If ammonia 

is used instead of the fixed alkalies, a precipitate is formed 
which is fulminate of gold, and must not be dried, as it becomes 
violently explosive. 

720. Seow Souvrioxs.—These should be treated as described 
for silver, § 717, but the resulting cyanide, which will probably 
contain other metals, should be dried, mixed with its weight of 
litharge, and fused. Tho residue, after washing, is placed in 
excess of nitric acid, which will dissolve ont the lead, &o., and 
eave the gold pure. 

721. Giipixe.—This process is much more rapid than any of 
the others, as a few minutes is usually enough to give a 
deposit; this is due to the high equivalent 197, #0 that the 
same current deposits nearly twice aa much as it would of 
silver, and more than six times as much as it would of copper, 
Gold has also very ~ covering properties, and a much 
thinner film gives a better ap mee and protection than a 
similar thickness of other m would, The usual difficulty 
indeed is that the work is done too fast. Small battery power 
is needed, a single Smee having sufficient force for small 
articles; but with large surfaces and eae when a deep 
colour is desired, two Groves may be used; the point to be 
uimed atis to have the EMF just below the point at which 
gas on the objects. 

Small objects may be gilt together in numbers by putting 
into an earthenware basket with a connecting wire to some ©) 
them, and Lane about in the solution, #0 as to expose frewh 
surfaces continually, 

722. Hear ry Gipixc.—The solution is to be heated in a 
ee ce cnamellod iron vessel to 130°-180° Fabr, The warmer 

solution, the darker the colour of the gold, which is to be 
controlled by regulating the battery power and the beat. The 
anode should have the same surface as the object, and should ba 
fine gold; the object should be kept in constant motion, and if 
the colour is too dark, its distance from the anode increased, 

Eiaing is one corte Ae rocesses to becre tc! 
val are 80 t that onl raonal experi can be re- 
Tied on, as the calgur will pass. fom palo to dack with wary ight 
eee an toe est, or with different degrees of motion. 

1 the solution is to be sot aside, water Hhaukd eo wdc 
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‘The quantities are proportional, grains or ounces, &o.? 


Tastes XXV—Baassmxa Souvrioss, 


acetate 
Amuionia liquid 
m carbonate .. 
” nitrate: 


* Sullicient to effeot the purpose, 


Bronze may be deposited by substituting chloride of tin for the 
sulphate of zinc—25 parts in 1, and 12 in 2, working at a tem- 
perature not exceeding 97°. 

3. Divide the water into two parts, and ono of these into four 
parts, and dissolve the salts. 1, the copper, and add half the 
ammoni , the zino, at about 180° Fahr., and the rest of the 
ammonia; 3, the potash; 4, the cyanide of potassium in hot 
water, Then mix 1 and 2, and add 3 and then 4, stirring well; 
then add the remaining half of the water. 

Work with brass anode and full buttery res adding 
ammonia and cyanide of potassium when requit 

4. Russell and Woolrich—Dissolve the salts, and add suffi- 
cient cyanide of potassium to redissolve the precipitate formed 
‘and be somewhat in excess. Worked with brass anode, 

Py Dissolve separately and mix. 

Dissolve and mix, adding the cyanido last, 
. This ix to be prepared by the battery process, the solution 
ing made and keptat r50°. A large brass anode and a «mall 
cathode are connected to a battery, and current passed till the 
solution ‘its freely. 

8. Brunell.—Dissolve separately, mix the copper and zinc 
solutions each with part of the potash, then with ammonia 
enough to redissolve all precipitate, and add the cyanide wor 





tho samo conditions, because this depends wholly on the action 
ell be obeccved th the object in these ts is to 

t will be ol at the ol in experiment 
rae vary one particular fact at a time and measure its 

uence. 

745. Asonrs.—These should usually be of the kind to be 

ited, so as to maintain the solution uniform. But it may 
be desirable to use several plates of the separate metals. Horo, 
I think, may be found a principle in alloy depositing which has 
not yet been employed—viz. to use a separate battery for each 
le, 80 a8 Ledhet Gpes ternptpntteree esr po 

by this means both conditions may be controlled, exactly 
proper proportions of each metal may be forced into the solution, 
and the required tension may be exerted upon each, Tt is true 
that the metals are not transferred by the current itself, and 
therefore the different currents will not select at the cathodo 
their own particular metal, but a sufficient electric force for 
each will be present at the cathode, and the due utilizing of it 
must be provided for by attention to the other coodlticen 
explained. A similar result may be attained with one 
maficiently powerful, by leading separate connections from the 
positive eae to each anode, and interposing resistances #0 as to 
control the current to each ; but distinct batteries would be best. 
Of course, all the negative poles would go to the object to bo 
depoxited on, the cathode ; it would also be desirable to have a 
palmcinte: in the cirouit of each anode to secure acouraoy. 





CHAPTER XL 


‘TERRESTRIAL ELECTRICITY. 


746. Eanta Currents.—The telegraph lines have revealed 
the existence of currents due to causes independent of the 
batteries, varying in direction and also in strength; they 
aan render it impossible to send messages ong lines 

means of the usual earth plates, but necessitate a return 
ke circuit, proving: that the EMF exists at the earth plates, 
not in the wires. It has also been found that lines having 


east and wost direction are more disturbed than those Pervea e a 
north and south direction. It is not necessary to pe 
fect, 


this subject, as to which knowledge is imper a 
growing, but the following particulars are derived from various 
communications to the Society of Telegraphic Engineers. 

‘The usual effect of the earth currents, is that of a low 
pur continually fluctuating in intensity whilo nearly con- 
stant in direction, which may be considered the normal action ; 
there are, however, reversals of direction of the current, though 
it seldom changes its line of conduction; and at times thore are 
great and rapid changes, both of force and direction, which aro 
called magnetic storms. 

748. A general cause produces the currents ; ay are not due to 
eee conditions at the two points connected b; Pg the wires, for a 
comparison of observations taken at many different parts shows 
simultaneous variations. 

oll The goneral direction of the currents, that is to eay, their 

prpes pears to be along tho lines of magnetic latitude, mee 
of equal lcclination, or north-east and south-west in England ; 
this of course must be the case if the currents and the earth's 
magnetism are in any way connected together. Eliminating 
Sens various disturbing causes, it would appear that the proper 
direction, that is, the normal current follows the sun: that is to 
corresponda with Fig. 36, p. 97, and with Fig. 35, oe con- 

talating the es the earth a magnet with its south pole pointir 
which fealig Siena dt wai cicataen ibetoacr ier ae 


our magnets, 
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and even that these aro, as it were, phot od tho skins 
of people who have received little areal ne fir this is trae 
ig nocertain, but there are many apparently authentic accounts 
of such effects: it scoms probable enow at any object, such 
88 a metallic surfuce, which modifies the path of the current, 
and to some extent condenses a charge upon it and serves as a 
fresh centre of action, may form the outlines of its shape. But 
what is most commonly observed, are straggling lines which look 
like branches of trees, and are frequently said to be pictures of 
neighbouring trees. Some have thought that these marks are 
due to congestion of the small superficial veins: but a compari- 
#0n of many drawings and photographs of such markings with 
similar drawings or smoke pictures of the electric discharge will 
leave little doubt as to the identity of the two, and convince 
the mind that those markings, at all events, are simply the 
Spreading ontwards of the lines of force where they entered the 
in. 

Tt is of more moment to those who are alarmed at tho flashes 
of lightning to understand that when a flash is seen all best i 
from it is passed; a person struck never sees the flash, and it 
would appear that this death is the most instantancous and 
painless which can be conceived. But there are some constitu- 
tions to whom this can give little power to resist the unnerving 
influence of lightning, because this is not due to mere fear, but 
to a direct nervous influence such as is experienced by many 
#nimals, and which many people experience in a minor degree 
in consequence of the electric conditions existing before a storm 


83. According to experiments of Mr. De la Rue, § 101, flash 
of ti tning 1 mile long involves an EMF of some 3 or 4 
millon yolte, which is about 633 volts per foot or 16 times as 
tas the ordinary potentials observed by Sir W. Thomson, 
755. Lightning, though it be a current of electricity, does 
not obey tho laws of Ohm; it does not distribute itself in the 
inverse ratio of the conductive resistances offering it a path ; it 
‘will leave a conducting wire to leap across an air space offering 
many thoussnd times tho resistance. There are variows ways 
of looking at this fact, Faraday long ago pointed out that there 
ike tondency to disruptive discharge, to the mechanical work of 
breaking down the dielectric, which is proportional to the square 
ofthe EM FP ; while the tendency to current discharge, with which 
Olkim's Jaw deals, is as the E MF simply ; and with the enormous 
potentials of lightning, the square of the DMF may hold a 
wire favourable relation to the inductive resistance than tho 
EMF does to the conductive. 





the discharge will occur through the space between the cloud 

and tho outer aréa of the conductor's cone; and the conductor 

takes it up in tho form of a momentary increase of current. 
786, These princi) 

the construction of 


should 

787- Tho primo essential is a good connection to water, and 
this water in Jectric connection to the mass of the snr 
rounding ; water and gas mains provide the best if the 
conductor is well secured to thom; next to thom is the motal 
shaft of a good pump, in a well constantly supplied by springs ; 
thon ponds or ditches. What is required is a large motal 
garface terminating the conductor, and in contact with a stratum 
of moist earth, so that a hole sunk into wet gravel, into which 
the conductor is led, and surrounded with a quantity of coke to 
inoresse its surfaces of contact, will answer, but clay, or 
rook, is not safe, and a connection to water contained in a mere 
cistern, as is sometimes employed, is worse than useless. ‘This 
eonnection should, if possible, surround the building by means 
of rods from its various corners, either led to different earth 
plates, or olse continued by a rod round the house to one earth 
connection. Every piece of motal-work about the building 
should be utilized, such as ridgo-cups, guttering, and water 

ipes. ‘These cannot be prestaltan pal eae because of the 
joints in them, which offer great rosistance, and therefore 
| provont redaction of potential, but they will help to form a 
pritecting network around the building, especially if strips of 
copper are soldered across cach joint. For the same reason & 
connection should be led from the bottom of the down pipea 
from the gotters to the nearest suitable earth, though a very 
good, but variable earth connection is set up from these by the 
water itself during heavy rain. The lower parts of bell-wires 
may also be advantageously connected to an earth, such as the 
hearest gas or water pipes, as several avcidents have owworced 
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- of wator, wo have a potential unknown, but which we may take 
to be that arrived atin $ sor. ‘Thus we have ” 


04. X 3,604,000 X *7373. = 1,872,000,000 foot-lbs. 


‘This figure enables us to understand why this “grain of water” 
can produce such tremendous mechanical effects when con- 
centrating this energy upon some point of high resistance in ap 
eel fraction of a ee ite ago) 
mere comparison, #0 noted, quan’ 

electricity in a 3 of ath oh lightning, Spot a8 OR 
meaning as would be a comparison between a cannor rolled 
across 4 tablo, and the same cantion-ball as it leaves the gun. 

798. But the current of such a flash is not a small one, a4 
often stated: if we take the time of the discharge as 1- 
of o second, 

iter than 


or it only carries a small part of the disch: which is 
distributed over Pebscart 2 pace. “a 





CHAPTER XII. 
RLECTRO-MAGNETISM. 


799: Throughout these pages the transmission of electric 
current has been regarded mainly as consisting of a breaki 
np 4nd reformation of the molecules which form tho polasaet 
chain or circuit, thix being the action which undoubtedly does 
ocour in electrolysis where the action oan be best examined. 
But no single conception will convey the whole of any scientific 
truth, and it has been indicated, especially in § 542, that trans- 
mission may be effected by other means (such as rofation of the 
molecules) dependent upon the same causes, for instance, the 
polar attractions of the molecules, which in electrolysis produce 
actual disruption. 

§oo. It is indeed very diffleult to conceive that the same 
action occurs in solid conductors like wires, as takes place in 
liquids, because no change whatever appears to be produced in 
the wires. We might indecd conceive that in solids the freed 
semi-molecules at each end of the wires unite with similar ones 
to reconstitute the metals, unchanged in physical Property, and 
form. But an experiment will prove that in solfds this action 
foos not occur: we cannot conclusively test it in simple sub- 
stances such as metals, but some metallic sulphides which are 
true binary compounds, and which would, if fused, be elec- 
trolytes and undergo the process of breaking up, are con 
Auoters also when solid. Now I have interposed a piece of such 
& sulphide between two plates of silver (which has # strong 
affinity for pag), and passed current for some time: there 
was no formation of silver sulphide, and therefore it is clear no 
such action ocourred in the solid sulphide as would have occurred 
had it been in the liquid state. 

8o1. Roratiox of MoLmutr.—A rotation of molocules 
involving a reversal of their polar arrangemont will, however, 
fulfil all the conditions required, and in examining the relations 
between wts and electric currents there will be found 
reason to believe that such a rotation does actually occur in 
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transmission of energy along the circuit, and is thus of a 
dynamic charactor, involving a constant rotation of the molecules 
on their axes, the second is static, and changes only when there 
i# w change of conditions. ‘Thus, if we pass a current into a 
submarine cable, two conditions of polarization are set up; ono 
in the line of the wire: the second in the surrounding matter, 
in the form of an inductice circuit from each successive point 
Iptifikie wire: iingugtis the water’ to. the other: polartt tia 
generator. 

804. This latter absorption of energy is called “charge,” and 
the current cannot be set up, that is, the conductive circuit cannot 
de completed, till from point to point of the wire the inductive 
cirouit is completely charged, as explained § 95; this ia the 
cause of what ts called retardation, ah hence the rate at which 
signals can be transmitted through a cable depends upon the 
nature of the inductive circuit it forms, or ite “inductive 
capacity.” But once this charge is given, the inductive cirouit 
rotainx it, aud absorbs no more energy from the current (except 
what is lost by leakage); current can be sustained upon the 
ordinary laws so long as no change is made, But when the 
cnrront stopa, the enorgy of charge flows out of the cable as a 
current, and no current can be sent through the cable, in the 
Opposite direction to the first, until this first charge is passed 
off and a new one of the opposite order is set up. 

805. Now magnetism is of the same order as charge; it is a 
atatio condition of the molecules, set up by energy absorbed 
from an electric current (or other source); while this condition 
is being assumed the process acts as a resistance and a retanda- 
tion ; but once it is sot up, it is static, requires no more energy, 
and the energy will be retained, or given up as an electric 
chrrent, according to the nature of the body in which it is 


nced. 

80S. To apprehend the consequences wo should regard the 
@leetric circuit as a simple chain of polar moleoulea and 
individualize the molecules, which I shall do by drawing them 
as ellipses, of which the dark part will reprosent the -+ end, ar 
the direction in which we may conceive the supposed electric 
current to be travelling; the white, or — ond, being that con- 
nected to the positive pole of the battery. Fig. 79 is a section 
of such a chain, looked at from the positive pole, that is to 

, the — end facing the observer, with the line of electric 

larization passing through the centre, 

Tho molecule exerts that action which we call magnetiam, at 
Fight angles to the polar line in every dirvetion, as represexited 





the arrows; but this action has no divectiee power, r, mb 
Gheadtsa pres | these depead upon er teria’ Sa ato 


maeSaesk eee 


a BIDIBIDRD. 


oar But the molecule, or, more correctly, the polarized chain, 
8 molecales in 


has the power of ranging all surrounding 
order, aa shown in Vig. 80. The upper lines are intended t 
convey the idea of the inductive circuit sot up as “change! 
‘The lower parallel line represents the magnetic conditions to be 
further developed. 

808. If we conceive the rized chain O, of Fig, 89, to be 
formed into a circle, as in Fig. 81, we obtain the two elfeots ii 


Fro, 81, 


difforent ways. Let S be o section of a bar of steel ; ite n 
cules arrange themselves in the form of closed ch 

stecl possesses the power of retaining this condition, it 

a magnot; the forces exerted at right angles to the di 
polarization, all combining and acting in the line of 
shown in the uppor bar SN, Fig. 84, and also in BY 

83. Tho difference between the two oxtrome fhoes 





regards the core, the mutual reaction of wire and core is the 
same in all parts. 
he fignres speak for themselves, and show the mutual mole- 
cular relations as well as those of electric and magnetic polarity, 
the effects produced, and the reason of them. 
813. Fig. 84 carries these relations a Reese The 
ic conductor is shown as a line of molecules upon the 


Fro, 84. 
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distinct impulses, analogous to the varying electromotive forces 
sot up by arges of a condenser. The mode in which the 
commutator acts 1s explained § 964 and Fig. 100. 

821. It must be understood that the point of change is not 
practically upon the line N'S, but upon a lino in advance of it, as 
shown by the dotted lino, Fig. 87. The reason is that the 
various molecular changes, and especially the absorption of 
Magnetism, require time; hence the line of actual break will 
take a position dependent upon the quality of the iron of the 
armature and upon the rate of rotation; it is even possible to 
conceive a rate of rotation such that no effect is produced at all, 
and in practice the motion cannot be advantageously increased 
Leyond a certain rate, at which the maximum effect is produced. 

A similar displacement of the neutral point occurs in all forms 
of dynamo machines, and the commutator brushes are made to 
move round the axis to some extent in order to admit of adjust- 
ment to suit the spoed of rotation. See § 863. 

822. Dyxawo-Etecrnc Macitines.—These modern generators 
of electric current have assumed so many forms that it would 
be impossible to enter at all fully upon their history, principles, 
or construction in the space at command. Therefore there will 
be little more teriptad hare than to give such information as 
may be of interest and use to the greater number of readers and 
refer those specially interested in this subject to works devoted 
to it. They are usually treated under two heads, as magnefo~ 
electric and dynamo-electric, the first of which depends upon per- 
manent magnets, and the second upon electro-magnets excited 
by the current generated in the machine. But all are magnets 
and all arodynamic. All consist essentially of two systems 

1. The magnetic field, which may be produced either by steel 
magnets or électro-magnots, but which it is desirable to make 
4s powerful as possible. 

2. The armature, which takes up the force of the field and 
converts it into electromotive force. ‘Therefore while the term 
tmugneto may be conveniently wed to classify machines with 
\ Eee magnetic fields, as a sub-section, the word dynamo 

includes all machines which employ mechanical energy to 
ite electric current. 

$23. History or Dyxamo Macuises.—Faraday obtained a cur- 
rent from a magnet in 1831; the next year Hippolyte Pixii of 
Paris produced the first machine for doing this practically: it 
consisted of an ordi horseshoe magnet, under the of 
which a powerful stool orseshoe was rotated by a shaft; thas 
an electric impulse was produced in cach half rotation in the 
opposite direction in the wire: the commutator devised to bring 
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fixed in Lies thongh the iron in which they existed was 
being constantly changed, and fresh coils of wire bronght under 
their influence. It was really as a motor to be worked by a 
battery that the machine was devised, and the principle of 
accumulation which was destined to make it a good generator of 
enrrent was unknown when in 1864 the invention was described 
in the Nuovo Cimento and so small muchines made and 
deposited in the Florence Museum, which were to be seen in 
tho Paria Exhibition of 1881. 

833. 4. 1. Gramme of Paris re-invented the Pacinotti plan aa 
@ generator in 1870, and his machine was used in electro-motal- 
Turgy. Von Hefner Altenech of the house of Siemens and 
Habke of Berlin modified the rotating armature in 1872. But 
here we enter on the modern period due to the excitement 
caused by the introduction of the Jablochkoff candle for eleotric 
lighting in Paris at the Exhibition of 1878. The numerous 
forms on the Pacinotti ring need not be referred to, and 
‘fa mere sketch of the historical development would be useless, 
80 that at this point it is better to mergo the description into 
an examination of the principles involved, and the mode in 
which they are applied in different machines, 

834. Evonuriox.—The doctrine or idea of evolution is now 


firmly grafted upon the scientific mind, and is extonding iteclf 
into all the departments of knowledge. It teaches us that 
nothing is isolated, every fact, every idea holds some relation to 
Samira Roanswistoh’ 1s grows, while {¢ becomes a" poia?"of origin 
for others, sometimes continuing a direct line, sometimes con- 
stitating « point of differentiation, at which may originate 

wths, proceeding onwards until there oppears no 


relationship between their products, Such is the relationship 
among the various languages of mankind, ax well as among the 
races of beings. Now, an important effect of this is that not 
only may the untraincd mind be unable to see a conneetion 
Letween two apparently distinct things, but that there may 
actually exist gape in the line of evolution, missing links in the 
chain, either lost, or which never had actual existence, except 
in the rudimentary condition. 

835. In chemistry we have a number of “ homologous series ™ 
and groupe of sories, which illustrate this very remarkably, 
hus we have a series of radicals Ce from inethy] CH,, 
and rising by the successive additions of CH, through a long 

of substances, which gradually become denser ; the addition 
hydroxy] HO to any ono of these substances converts it into 

a ding alcohol, such as the commonly known aloohul, 
the hiydrate of ethyl, O,H,OH, and glycerine, not commonty 
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opposite direction externally: the internal arrows show the 
resultant magnotic action, as though these rings of force consti- 
tuted an internal vortex. 
853. A werios of such rings, placed side by side, is shown in 
Fig. 91 in vertical section at 2, which represonts the farther or 
hand sido of the rings as looked at across the interior, It 
should be noted that the change in direction of the small arrows 
from those of Fig. go is the result of looking at them from 
opposite sides, and is evident in all three portions of this 
Tn 3. which is a horizontal section of the helix, we see 
that the circular lines of force of the adjoining wires conflict as 
they enter each other, and are therefore broken up into their 
internal and external halves, which then unite to lines of 
fores along the whole of the wires. 
854. Fig. 92 shows how different ways of winding wires 


Fra, 92. 
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bring these principles into action, and it should be compared 
with Figs. 82 and 83, p. 466, which deal with the same subj 
ina different manner. 1 is a right-handed helix in which the 


commutator sprin, 
into one: fabsonch @ commutator 
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of molecules side by side, with the eloctric lines passing through 

them. It is desirable to clearly realize this now in onder to 

1) ethaaPhcrag which occurs in a wire when it enters & 
etic field. 

i57- Fig. 94 represents a bar magnet NS with one of the 


rings of electrostatic order formed on the lines of foree issuin; 
from ita north pe C is a conductor carrying a current, wick 
as the ring of Fig. 91, 1, and shows how its magnetic lines 
yeree with those of NS, the result of which is to draw the wire 
to the middle line of the magnet where the aum of the agreo- 
ments is greatest: in these conditions the current and magnet 
unite; the space within the wire becomes part of the maynet and 
the return lines of furee would be deflected to the outside of 
the wire where they would also agree with its lines. But if 
thero wore no current in © a differont set of conditions would 
come into play. The full field cannot bo drawn so as to be 
intelligible, but a little consideration will show that the space 
is with such circles as that shown, of all diameters; there- 
fore the wire, as it approaches the pole N, will be continually 
entering fresh circles, with their magnetic lines in different 
directions, so that its molecules will be solicited in constantly 
changing directions in order to accommodate themselves to 
these ing conditions, 
igs. 95 and 95 we can see what happens when a 
lines of force of a magnet. In Fig. 95 we haye 
@ vertical section of the field of a N and S pole as between the 
a of a hor-eshoe, or those of a dynamo machine, showing the 
of magnetic force and the resulting oleotric riaga; Fig. 96 
in a section of the same field, in which we evn seo whi 
in a wire traversing it in the direction of the arrows: 
the sev vertical dotted lines, it cents 
each of which there is different angulur 
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La ehkifely Sr as an undulatory line and is really such an 
ulation inall planes, Professor Hughes's latest examinations 
of the phenomena of inagnotism demonstrate the oxistence of 
this spiral moleoular arrangement, thor than a direct lincar 
polar order of the molecules. The subject is not ripe for any 
very definite opinions, but I offer Fig. 97 as very suggestive. 
Assuming that a “positive” current implus a right-handed 
rotation in the wire, we have an obvions cause for the direction 
of the magnetic circles corresponding to it: for this purpose it 
is of no moment which may be the actual direction correspond- 
ing to the + current, because our making the point of the arrow 
gonespund to N magnetism is purely arbitrary. 


Fis. 97. 


PPA 


By reference to Fig. 92 it will be seen thatg7, 1 and 2, are the 
front turns of a right-handed helix with the current in the two 
is, while 3 and 4 aro the same for a left-handed helix, 
1 and 4 also show why a right-handed helix is the same Uiing 
as a left-handed helix at the other end, with current r b, 
and therefore the same magnetic actions: 2 and 3 show the same, 
aa they are exactly alike except that the beginning, or longer 
end, is exchanged. 
861. Tax Fieuo Macyers—There is little difference in this 
pe of the dynamo machines; the earlier forms consist of mere 
magnets variously fitted to act on the various types of 
armature: in the later machines the samo horseshoe is really 
faced but: usually in the form of two opposed 
consequent poles in a complete metallic cirenit : 
Sachin polc- pices AS added to mat the poles around 80 Pag 
of the ring as is necessary, the éxtent of these projections 
dependin, area the natureof thearmature. There ars two plans 
in use, whio look different, yet are the same in principle. Fig. 
98 shows the two opposed horseshoes let into common 
pieces with projecting horns N § forming the circular in 
which the armature rotates. This is the general type of the 
Gromme field ts. 
Biitca ios tha pole-pias and one arm of each horseshoo 
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Tho conditions of the field are controlled by different modes of 
winding and of distribution of the feeding current as explained 


§89r, 

cs Displacement of the Field Poles.—The axis, or direction, 
of a magnetio field of force, is of course the straight line between 
the poles, and the central polar focus of such magnets a8 Figs. 
98, 99 is obviously the middle of the iron; but this is no longer 
the case when a rotating armature is in the field, T'wo actions 
then occur, which distort the normal conditions. (1) The wires 
themselves, carrying currents, have affinities with the lines of 
force in the field, and act upon them just as a moving body does 
upon 4 liquid, so that the lines of force instead of lying in the 
normal position of the field, arc drawn aside in the direction of 
rotation. (2) The iron of the armature docs not attain full 
magnetism until it hax passed the foous of the pole, because it 


‘takes time to magnetize, § 821. But the pole formed in the 


armature attracts the field pole, and as the polar position is not 

ina mass of iron, § 134, tho field pole itself follows the 
armature pole, and the aie line of the field magnets ix no 
longer symmetrical, and at right angles to the line of the 
magnet, but is drawn forward in the direction of rotation of the 
armature, as shown Fig. 87, p. 472. 

As a consequence, the neutral points of the armature itself 
are no longer on a central line, but are moved forward in the 
direction of the rotation to an extent variable with the currents 

‘ing, and altering external resistances. This neutral point 
that at which no E M F is sot up in the wire occupying it, and 
therefore it is the position at which the collecting brushes must 
be sot. Ifthe brushes aro on eithor side of the neutral point, 
the local EMF sots up currents resulting in sparks at tho 
Hrushes; « certain amount of “lead” has therefore to be given 
to the brushes, and a power of adjustment, by moving on an 
axis, to compensate for changes in the neutral line. 

864, Smaurys’ Conx.—This, which is mentioned § 826, is shown 

Figs. 100, 101: A is a solid soft-iron mans, of a section resem= 
that of an H girder, with the faces turned down to arcs 
circle. The wire is wound longitudinally, as shown in se0- 
tion in the middle of Fig. 101. The coil may be covered with 
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F is sot up in the inner portion of its wires because 
ms are no longer in a field of force at all, they are merely 
u connecting the outer wires—in fact we 

BB core as a fized wagnet with poles opposed to the field 

ies and tho helix as a wire between these poles, 
8, the iron in which it 

mge of magnetic state 

‘a consequent rotation of 

ia reaction upon its sur- 

din " ix considered by Count 

i Moncel to be the chief source of EMF in the Gramme. 

3) This constant magnetic change in the iron has a diead- 
Mtageous result, because it heats the iron, and is dou 

ous, by the consequent waste of energy and by incren 
resistance of tho wire by the heat thus given off in addition 

6 that due to the current in the wire, 

872, An entirely different set of actions is illustrated by 

‘04. Hore we consider the core as constituting two bar 

ts, fixed in space, and taking up the lines of the field; 

the wire represents a succession of helices drawn along 

wo burs,and we havo the conditions of §§ 850 and 857. Sturt- 

from 8, in the upper curved bar, each section i 

Gwin: inductive action, i 

Pindae i principal magnets, and of the in 

x nd to make the wire led 

; on passing the neutral 

We may now consider 

4a traversing a bar extending between the two neutral 

i with consequent N poles at the middlo; in snch » bar 

@ reversal of current would ocenr, but one in the same direction 

ould be generated all along tho bar, with « reversal on entor- 

py the other somicircular bar on the neutral line at — ; in this 
path cae would alsu be the effect of “ polar introversion” 
uf € 871 (5). 

3 4 We have, thorofore, three distinct influences co-operating 
the Gramme machine :— 

(1) The outer nies of the wire cutting the lines of force 
Ewoen the field poles and the induced core poles, § 871 (3). 
to this, the wire inside the core is inert and a mere resistance ; 

n the edges a partial action is exerted becanse the lines of 

are not all absorbed direct into the core, but ure partly 
round towards it. Several of the modern machines are 
specially directed towarls utilizing this inner wire, ua by 
a De the pole-picocs to inclose the armature as much ax 


2K 
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turns in the space corresponding to 2 and 3 therefore constitute 
one helix crossing the cyli aan constituting the next ool- 
lection of wires which will come into the highest action as the 
cylinder rotates in the direction of the hands of a watch, The 
end of 3 and the beginning of 4 are in like manner connected to 
segment b of the commutator, that is to say, to the next one to 
a, working round the commutator, as the wire itself dovs, 
against the hands of the watch. 

876. The neutral are, as in the Gramme, on the vertical 
section of the fi nd the currents set up in the various 
sections of the ring wt like those in the Gramme as shown 
$ 868 and Fig. 102. ut little EMF is tod in the 
sections 4-5, 6~7, which occupy the middle of the field and whose 

cis ected to the commutator segments near the neutral 

: they only conduct the current to the neutral points, 
Therefore the commutator brushes overlap at least two segments, 
thereby short circuiting these idle portions of the wire, or 
eutting them out of action so as to reduce the resistance, A 
similar object is attained in like manner in the Gramme, and 80 
as the brushes occupy the neutral axis the only sparks 
juced will be due to the vibration and jumping away of 
parts of the brushes. If any considerable sparking occurs it 
grees that the brushes do not occupy the true neutral points 
jue to the actions explained § 863. ‘he Siemens field system 
is shown Fig. 99, p. 4590 

877. The Siemens drum is a link of ovolution between the bar 
armature of Fig. 101, and the Pacinottiring. It isnot derived from 
the Gramme machine, or a mere modification of the Gramme ring 
as it is commonly said to be. It is likely enough that it was 
puageated by the consideration of the Gramme action ; but it is 
truly the Siemens core of Fig. 101 with its middle plate divided 
into two and brought out towards the ends of the polo-pieces : 
“in fact it utilizes the action which occurs in the old core, direct 
upon the wires as they pass the field poles, but which is not 
utilized in the old machine because the magnetic action of 
5872 is in it so uch more important than that of the wire 
itself, § 871 (4), while these functions are reversed in importance 
in the modern ring form. None the less, the Siemens ring is 
aie compound of a numbor (in § $75 this number is 8) of 
the old Siemens ZX cores, in which lar endsare extin, 
while the connecting wobs are divi in two, and ex) 
into the ring, in the same manner as (§ 843) we saw in Pig. 85 
(2) the corresponding radial bars Nea really represent these 
webs), converted into the ring of Fig. 89 (3). 

878. Tue Buus Macning,—This is nsdally morte 

*% 
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paar gas of the Saxton is straightened out rae 
) wo that ite polar ends are fully acted on by the inclosing: 
eld poles, which are so expanded as to act upon three of the 
segments at a time. 

882. The commutator is built up on the axis of rotation, as in 
other machines: it consiste of a metallic cylinder for each pai 
of armature segments (1 for each theoretical electro-magnet) of 
the im: this cylinder is divided into two insulated halves 
and the ends of the wires of the pair are united to these, as in 
the Saxton and other old machines. But at each joint of these 
semi-cylinders, which are adjusted on tho axis at the same 
angular position as that of the segments they belong to, & space 
is cut away equal to one-eighth of the circumference and 
filled with an insulated piece of metal which corresponds to a 

ment which is out ont of the cirenit when those spaces are 
under the collecting brushes and the corresponding segment is 
in the neutral space. 

The brushes are mounted upon a rocking frame which allows 
them to be shifted around the axis to bring them into the 
neutral point. The actual break of circuit involved in this 
machine, a8 also its high EMF, result in heavier sparking 
than in the other machines. The brushes are divided into two 
pairs, each acting upon two of the cylinders, ao that the brushes 
can be connected to act as one in multiple arc, or in séries 
according to the actions required, 

883. Tue Bonain Macninr.—This is noticoable for its great 
simplicity of construction, and from the openness of its structure 

ing free circulation of air, and 0 lowering the risks of 
heating. Its field system is that of Fig. 95, but made of cast 
fron #0 as to give great solidity, and allowing the pole-picces 
to project a little so as to give partly the effect of Fig. 98. A 
gun-metal framework attached to each side of the field system 
carries the axis of the armature. 

The armature consists of a series of hexagonal cores, like 
Fig. 99.3). composed of iron wire wound into the shape, On 
this, copper wire is wound 90 as to form a distinct electro- 


magnet of each segment of the rings, with its turne increasmg 
towards the middle of the segment, in such way ax to swell out 
the section of the armature to that of an irregular ring, exposin; 
the angles of the bare iron, and allowing them to a) 
closely to the corners of the field poles, and be stron, 
magnetized. The ring thus formed is usually, but erroneouxly, 


described as a Gramme ring of only six sections; its action 
is entirely different from that of the Gramme, for it consista of 
the making the two segments which cross the ends of the field 
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of interest only to those who can readily obtain the same of 
a more complete character than would be guitable here. 

986. Dinecr AND Avreryatina Maciixes—Tho earlier m- 
chines were all alternating generators, requiring a conimutator 
to convert the impnlses into a current of uniform direction; in 
the Alliance machine this commutator was dispensed with, to 
great advantage in economy, § 831. The Pacinotti t 

erates direct currents. Later machines agyin, such as 
‘erranti-Thomson, the Gordon, and others, produce alternating 
currents, It is a question which system gives the best results, 
and the difference deserves consideration, 

Direct currents are essential in electrolysis, and in the main- 
tenance of magnetism in iron. Therefore, a self-exciting 
dynamo must give a direct current, 

Commutating alternate currents ia bad economy, and attended with 
heavy loss of current, and destruction of the metal by sparks. 

887. Alternating current machines are simpler in construction, 
and more canily furnish a high EMF. 

They can be used with suitably constructed are lamps, in 
which solenoids are used to control the motion instead of eleetro- 
magnets, They are essential for the “candle” lights, in which 
fwo carbons are required to burn equally, ao that special max 
chines are made to convert the direct current into an alter- 
nating one, while adding to its force. Incandescent lamps 
have a longer “life” with alternating currents, as there is a 
destructive action exerted by the current, resembling electro- 
lysis, though probably of the same order as the results obtained 
in Crookes’s “ experiments on the fourth stato of matter.” 

888. But alternating currents involve inductive resistances, and 
will thorefore be more difficult to insulute and distribute; they 
cannot excite their own magnets; they cannot work any 
existing motors, and it is doubtful if motors without iron can 
be mails to work economically. 

On the whole, it would appear that for local, self-contained 
applications for lighting purposes, the alternating current ma; 
be the best ; but for general use, and for large applications, it is 
rotrograde progress to employ this type of machine, 

889. Fixin Maowers.—or the sake of economy, they should be 
constructed as to size and wire, 0 that they shall nearly reach 
the limit of saturation at the fullest limit of work. 

For steady working under varying conditions, they should be well 
within the limit of saturation, 

For automatic adjustment, thoy should not approach that limit 
even at full work; they should still be in conditions which 
inorease magnetism proportionately to current, § 944. 
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(1) Seriee machines are those in which the current passes from 
the + collector of the armature, round the field magnets, to the 
+ terminal, the — terminal being connected to the other 
collector, Therefore, the current passing the field magnots 
depends on the external resistance, The effect is that as the 
conditions for current in the work increase, xo the field is more 
powerfully charged and the machine gives more current as it ia 
BaUMUAG. 1 They ave thereince admirably nclapted bo gue gene 
aa clectr-metallurgy, for a machine which will work a room 
full of vats may plate a single spoon, while a separately excited 
Ruchiteaoercall require aicet reacetull Gon troll ty. hdd ema 
tanoes in such a case. 

On the other hand, a series machine is difficult to start against 
a large resistance. and may require a temporary shunt to the 
work in order to charge the fleld magnets. ‘I'hey are also liable 
to reversal of polarity by counter currents, Several devices are 
employed to correct these tendencies: thus Weston employed 
a rotating merenry governor by which the onter circuit is cut 
out until a certain fixed vilocity of rotation is attained, when it 
is automatically put into the cirouit, Gramme employed an 
electro-magnet, or 4 connection held up by the field pole for the 
same object, so that the early current should all go to the field 
until a sufficient force had been attained to secure regular work. 

(2) Shunt machines divide the armature current between the 
fiold magnets and the external work: thus at the ++ collector 

. two circuits start, one going to the + terminal, the other round 
the field magnets to the — collector which is also connected to 
the — terminal. This controls the strength of the field as re- 
quired, because the field wire and the armature are so balanced 
in resistance that with open circuit only current enough is 
generated to charge the field; the work, as it lowers the 
external, and therefore the total resistence, «llows more ourrent 
to be generated in the armavure, of which the field wire geta its 
increasing proportion— increasing, that is, as to current travers- 
ing the field, while a decreasing proportion of the total current, 
therefore becoming more econoncal as the machine approaches 
its full work, But this regulation, while automatic, is irregular, 
and will not suit applications requiring perfect steadiness at 
all parts of the work, as in electric lighting. 

(3) Shunt and Series machines combine the two systema, as 
shown in Fig. 168; one wire, the shunt, is as just described; the 
seconi, the circuit wire, instead of going to the + terminal 
direct, is first taken 1ound the ficld magnets, as well as the 
other and then to the + terminal, so that at all times the whole 
of the armature current traverses the field magnets; but the 
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foot. The full R of the vat would be +5 > 50 = -o1 ohm and 
by the usual law of equal internal and external resistance, the 
machine should have also R = -o1, being a totel of ‘oz, The 
current being 50 x 10 = 500 ampéres, we haveas E MF 500 x 
*O2 = 10 volts, required to be generated in the armature. Now 
if this is a magneto machine, or a battery, what happens whon the 
work is reduced to 1 plate? We have then = vor +5 = "51 
and 10+ *51=19°6 ampéres instead of the required 10, so that 
unless a controlling rexistance were interposed the work would 
be injured. 

858. The effect is even more serious with incandescent lights, 
which scarcely admit of control except at the engineroom. Let 
us assume, for convenience of figures, the full work as 100 lamps 
in multiple are, each 100 ohms KR, and requiring 1 ampére per 
lamp to work them: this is R = t- ; and with the dynamo 1+ we 
have 2 ohms R, and a current 100 ampéres, requiring BM F 200 
volts. When all bnt 1 are turned off we have K=1-+ 190= 101 
nd 209+ 101 = 2 ampires instead of 1. But as the heat is as 
? we should now heat that carbon thread to four times ita 
intended temporature and probably destroy it; if light ie as 
C* the lamp would suddenly rise from 20 candles to 160, 

899. Constant current is required in some cases, as when lights 
are pluced in series: here therefore the current would rise in the 
circuit, us the resistance of one or more was removed, unless an 
equal resistance were interposed in ita place: but this (which 
was proposed and patented several times as a means of regula- 
tion) would involve equal expenditure of energy whether the 
current were doing useful work or not: the lamp would cost the 
same whether giving light or turned out. 

900, Constant EM F ut the terminals of the work, § 896, ia there- 
fore the desideratnm, not constant EMF generated by the 
machine in the armature ring. With lamps in series, this means 
A constant current generated at the terminals of the machine 
irrespective of changes of rosistance: with lamps in multiple 
are, it means a current variable inversely aa the exterwal resistance, 
or as the conducting capacity, i.e. ax the number of lamps open- 
ing paths of conduction. 

both require cariable EMF generated in the arnuature, 
Now EMF is changed by 

1) Variation of speed. 
i Varying the strength of the field. 
Altering the number of turns of wire in the armature. 


‘ihe second is the practicable mode. It may be effected in 
magueto machines by arranging au iron armature to slide over 
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should be a little less than that of the armature in the case 
of series dynamos. For shunt machines the formula is 


R= fFxAand F=RtLA 


R is the rosistance of the external circuit. 
F a » field magnets or shunt. 
A ” » armature, 


In the early machines of the Gramme type, the field magnots 
had abont seven times the resistance of the magnetizing, or the 
working coils which wer nearly alike. 

‘The actual resistances will vary with the conditions and with 
the quality of iron and form of the magnets, and the effect of 
small variations is studied by means of the characteristic ourves 
showing the actual working of any particular machine, 

go4, Omanacrenmtic Curves.— These, first employed and 
named by M. Deprez, fulfil for dynamo machines the same 
purpuse as the indicator diagrams do for steam engines. They 
indicate the most advantageous speed at which a particular 
machine should be run; they also show whether the armature 
and field magnets are suitably proportioned, and adequately 
wound with wire. 

Taking the simplest form of a separately excited machine, 
with a definite current sent into the field magnets, the current 
produced at differont speeds in a fixed resistance is measured: 
the speeds being set off on a vertical scale, and the current on a 
horizontal ey Ei from these give a series of points through 
which a line can be drawn, which will be a curve corresponding 
to those described § 944, and due to similar causes; it represents 
in fact the EMF ‘generated at the different speeds. Each 
different current sent into the field magneta will produce a 
different curve, as this varies one of the causes of the EMF, 
$9202). 

Again, driving at a fixed speed but varying the field 
current, which will then be the element of the vertical seale, 
a similar curve will be obtained, different for each speed. But 
having obtained a curve corresponding to one speed, the onrves 
of other apeeda can be constructed from it by modifyi 
ordinates that form the curve in the ratio of the two velocities, 
ng shown in the dotted curve of Fig. 109. The effect of achange 
in the wire of the field magnets may also be ascertained in a 
similar way, varying the ordinates in the ratio of the number 
of turns of wire, providing the wire in each case ccoupies the 
same position and space upon the magnet. 
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Such a chaructoristic curve is shown Fig. 109 with 
ions of the uses which can be made of it, 
The curve O CE is that of a uniform velocity, derived tha 
the line OV which is that of field magnet onrrents, vulbeity, 
EM Fas tho case moy be, and OA the line of current gemerstel, 


Fio, 109,—Caagacrerterse Oreves. 


both in equal parts. It will be seen that the curve rises until 
the field magnot is saturated, when there is no further rim 
EMF, so that this curve depends upon the quality of iron 
the field magnets, and in the armature, 

906, The resistance corresponding to any, current may We 
calenlated from this curve. Raise the line RD at any part il 
the line O A, then the length OR will give the space core 
sponding to 1 ohm, provided the line OV is divided in wilt 
upon a scale equal to that of ampiros on O.A, because from iM 
relations between EMF and current in Ohm's formule, Re 


©, which being equal in longth to ORW 
1 chm upon tho scale of RD, which is shown for convenianet 
upon the same scale as the lines of EMF and current, 
stance be extended so far that the line from itt 
altogether outside of the commencement of the eurva, 
the limit at which series machine will fail t0 
urrent, § 851 (1), a8 shown by O.D. 
proper characteristic for a machine to give the reaalle 
39 and goz would bo, not a curve, but a straight 
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horizontal line for the external circnit : Pig. 110 gives the carves 
of a Crompton-Birgin compound machine of the D, type, 


Fra. 110.—Caanacresixrios ov Comroexn Beno, 


This figure shows the EMF in the different divisions of 
the cironit: but the EMF under go volts is omitted, and the 
current is on a scale double that of HM F. 

(2) The resistances are, while hot, armature, *205; series 
field’ cirenit, +148; shunt field circuit, 34°24; and external 
cirouit, ascertainable by E+ C or say, with 10 umpires current 
for5 and with 80 ampéres 1°16 ohms. The following com- 
parison will show the distribution under those conditions. 


Field Magnet. 
Arioatore a 
Serle | Shunt, 





Carrent, : tyat| to 
Ampires or 83°05 | #o 


Energy, 
Soules 


OF course there is also a loss by the friction of the machize, 
thé figures relating only to tho actual electric energy generated 
and expended, and comparable with batteries, which would 
pre a useful work of 50 per cont. instead of 735, the rest being 
lost in internal resistance, while this dynamo would give about 


Se allowing about 10 por cent, for the mechanical friction, 
which is tho average in practice. 

(3) The oficiency of u dynamo machine is often reckoned 
from its capacity as a converter of mechanical energy into 
eloctrical, that is by the formula C'x R. But the electric 

tu 
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luced, generates an EMI which, when produced by the 
current, is an opposing EMI", corresponding to the counter 
Se A ee et eaves 

U efficiency of motors may ascortain - 
pit they were earrect being passed while the 
machine is at rest and its value noted, the efficiency will be 
related to the reduction of current when tho machine is allowed 
to run free, doing no work, for if the machine were perfect it 
would generate a velocity closely approaching that which 
would generate an E MF equal to that producing the current: 
this being of course impossible, any current actually ing 
measures that expended by the machine in internal work. 

‘The essential consideration as to the value of a motor is itw 

efficiency, that is its return expressed as 


Energy produced _ . HP. ___ {percentage 
Buergy supplied = Btcieney. Gy = j returned. 


The energy supplied being measured by the current used in 
driving, § 330, partly lost in heat in the wire and iron, partly 
in ordinary mechanical friction; the energy produced being 
measnred by the weight lifted, or by a dynamometer, 

915. The noxt consideration is the relation between efficiency 
and the cost or convenience of the machine, as related to its 
size or weight, It follows that the efficiency of motora with 
steel permanent field-magnets should be higher than those with 
electro-magnets, but that as to the second consideration the 
electro-magnet has the advantage. 


gi6. Profs, Ayrton and Perry give the efficiency of variona 
motors as fullows :— 











be neey we have 258., while 96 Ibs. of oval, costing at aos. Taare 
‘to°29d., would in a common steam engine do the same work. 
It is important that this exact le of estimating costs and 
ibilities should be clearly understood, and therefore L will 
work out the subject and show the cost of energy per equivolt, 
§ Ei ota with that of bate. 171,and per 1000 
j which is ono proposed unit of charge for clectrical 
energy delivered. 
920. Exxnay or Fvxt.—Accorling to the table, p. Rig the 
of carbon is ere foot-lbs., or 270594 equivolts. But 
fis most treatises on is usual to value the work of 
fuel, &c., in terms of units of heat, generally that amount o6 
jheat which will raise 1 1b. of water 1° Pabr. in tem 


Carbon, per «» ‘812 X 12905 = 10480 


rermellge {orailabl) per Ib, *ogr X 62535 = 2564 
Eqnivolts,perlb. .. . « © 2854°9 = 13044 
Taking the price of coal as 208, per ton, as an average fi from. 
FSteh cto] cost is readily drive under any — 
epee is cont of coal per Ib, "1071 of a penny, and per 

eerie We must next pene the 
utilized i 


fe es 
meh 


ord, Bee. chins = 423° pede if, then, we take 4 Tbs. 
the coal mr as an average consumption, this brings the 
miesanioal equivalent of the pound of coal to 105*9 
feanivalts; and the practical cost of steam-power per equiyolt 
*co112 of a penny. On these data the average steam en, 
eae s only sop sroolieth of the potential cert en ati 
efficiency o} compared with the figures § 916, or 
fwith tha half of thoso values. 3 
Sets indicated horsepower is usually employed as tho measure of work and 
lan, but it is not really #0, as it does not allow for the friction of 


5 engl 
MDa angie Sakic ‘The correct: ra only by some kind. of 
Sina etish meattines the exerted 
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 Bleetro-magnetic motors will ooxt according to the sources from 
which their current is derived, § 523, and will be as 


Cost of electric oner, 
“Ree = cust of mechanical energy. 


This is worked ont for various oases § 924. 

923. E.eoreic Exenoy in the cirenit will cost as 
Cost of source, above _ {cost at terminals 
Eficiency of dynamo — + loss in conductor, 

Whon distributed, it is proposed to make the charge for it 
upon the 1000 volt ampire hours as a unit, which aol bo. 
tqnivalont to 3,600,005 joulads. 

The plowing table own the cost according to the source of 

wnical energy, and the efficiency of the dynamo machine in 
its external circuit, § 997 (3). 


Cost oF Exeorare Ewsensy, 1x Pence. 


| Elette Bouree. Equlvott jest ny 
“745 


, t 
Proposed walt, at's penny +) | <corzéot | sa00ay78 
7a. "0123242 | 0019450) 





Steam on, win Yl, 5 
a5 scsi efticiencs coogozg | "Coorg2s 

Do. Bis boas m 36 ‘oorhogg | *0002532 

= +63 | sooadgar | *0004463 
tye Pater nitric acl vas | 1863 | *0029394 


‘Tho battery cost is calculated from the nitric acid values in 
the Table, p. 171, averaging them and allowing for half the 
energy being absorbed in internal resistance, Me explains at 
‘once why electro-motors were impossible when depending on 
‘bottery currents. 

924. Work rnow Etecrno-Morors.—The two preceding tables: 


Cosr or Horse-rowre rnom Etxcrao-morons. 


Source of Curreat. 


cepa Le GN 
oa 








F of say Ey volts, while cach coll ina ere ae on equal 
trent atan EM F of 2 volts, or as many could be com as 
> bat more knowledge is necessary as to the practical 
sion of electric current before any actual results are 

to be attained. by i 
8. Great expectations as to the capacity of transmission are 
iatimes expressed, and while Jacobi's santana of maximum 


Vv 

‘be locked for, and that 80 per cent. of the original energy 
be transmitted. 

true possibility may be easily derived from common- 

6 calculations, such as have been sented, $$ 920-924; it 

never be higher than the produet of the nett efficiency of the 

or and the converter, lees the ‘ion lost in the 5 

is scarcely possible that the nett joncies will exceed So per 

int..and 80 x 80 = 64,80 that if we allow 10 for conductor 

d leakage, we come pretty near the 50 per cent. of Jacobi’s 

» No machines at present in existence can realize this 


result. 
929. It is morw likely that electric motors may effect a revo- 
ion in factory working, ns their convenience and casy control, 
ther with the fact that they can bo made very small, will 
ad to their employment in doing work direct instead of power 
transmitted from an engine by shafts and gearing, 
pecially where a rapid revolution is required. 
930. In all cases they cari to be worked on the multiple 
re system, so that there shall be no mutual interference, hut 
being supplied and adapted to a constant B MF, each will 
its own circuit and call forth the required current from 
generator, as described § goo, 
931. Execrno-maaners—Theee must be considered as con- 
if of distinct clements or parts, each haying its own 
alar functions or laws to be examined apart from the 
whilo the sum of the effects is duc to the combination 
bf these lawy forthe utmost mutual action, ‘Those constitnonts 
(1) the iron; (2) the wire; (3) the current, 
he fron portion is divisible into (1) tho eore, the part a 
ch the wire is wound, which in a straight bur is the le 


} 6 magnet, though consid 
the agent in, and by which the magnetic 





Wo =r 
940.) TAWS OF ELRCTRO-MAGNETH, 525 


hecause the magnetic capacity of the syatem is increased, and this 
increased powor will extend to a threefold length. 

937 A horseshoo magnet is simply a bar magnet turned up 
60 a6 to bring its ends into the same plane: tho atrength of ita 
polesis in no way altered by this, but their lifting power is greatly 
increased. The reason is that the armature now constitutes # 
closed circuit in a substance of high capacity: when the two 
poles of a bar magnet aro loaded, the armatures are mere polar 
extensions, and the lines of force of the magnet have to 
¢lose themselves through the air, and only part of them will 

through the armatures instead of from the surface of the 
magnet. ‘The same thing occurs if the two arms of a horseshoe 
are separately loaded: but when the armature crosses the poles 
it concentrates all the force of the magnot, and therefore may 
tarry three or four times the weight the two poles conld carry 
Reparately. 

The whole of tho lines of force aro not confined to the pole, 
but cross the whole space between the arins, in quantities pro- 
San to the forces existing at each part of the bar, See 

nt. (1). 

athe intensity of the field, and the lifting power, are 

ter the nearer the poles are brought together, as ox- 
lnined § 123, je the distance at which power ean be exerted 
is lessened. 

938. ‘he best proportions for maximum work, are equal lengths 
of the four parts of the iron: the base to be somewhat heavier 
than the arms, and the armature to be of equal weight, 
bat epread out in thinner metal to receive the lines of force 
over large surface. When the armature is intended to 
Betis rapidly or more quickly it must be made lighter, and 

rter. 


939- The cores or arms carrying the wire, should have each a 
length of six diameters (twelve diameters for bar magnets), 
‘Cores vary in magnetic strongth in the ratio of the square roots 
of their diameters, and also as the square roots of their lengtha, und 
the sixfold length ix the most effective combination of these. 
ecg nanos ¢ core lengthens the field, and also increases 
residual magnetism, therefore short cores should be used for 
quick working. 

0. Hollow corea are as effective as solid metal, provided the 
Bella mufloiest to abecrb the, magnetio aotien ot tisibersese 
for which one-quarter the diameter is effective: but the ends 
tnnst be closed with an iron plug of at least equal thickness. 
‘The best construction is to bore out the core to the required 
dimensions, and then slit it lengthwies down one tide to 
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for steel, and varions qualities of wrought and cast iron, as to 
both saturation and capacity. 

945- Fig. 111 shows that the limit of saturation (§ 138) varies 
for each quality for iron, and that cach quality has its own 


Fw. 111, 


Amperes. 


eapacity, $137, that is, the samo current will produce different 
magnetism with cores of different iron, while one quality will 
reach its limit of capacity earlier than others: thus soft iron 
hus eight times the capacity of hard steal, while cast iron is 
intermediate. This is why soft iron eloctro-magnets are better 
than permanent magnets for dynamo machines. 

6. Steel has two limits of saturation: (1) as with iron, the 
point at which no increase is possible; (2) a much lower limit, 
the permanent strength retained, which may be only one-fifth 
of the first. This is about the strength corresponding to equal 
action per ampéro-turn, and the range at which dynamo 
machines do best work. It is evidently bad economy to pross 
the magnetism to the higher limit, because the resulting effect 
of increased current is small, while the cost of increasing 
current is as the square of the current, besides the extra waste 
in ions peuetanne due _ une rare Larmpeveey 4 

. Every kind of iron has therefore its specific capacity, that 
Bes. unit volume or weight can only be made to pre: 
under any circumstances, a definite “magnetic strength,” or 
hold up a limited weight. ° 

Joule found the utmost effect he could obtain was to hold 
up 200 pounds per square inch of core, which is equivalent to 
force of 13,800,000 dynes per square centimetre. Soo also 


a 

137: 
dee Size, which really means diameler of core, ia the first 
qwint to be considered in arranging an clectro-magnet, and this 
Brill be affected by threo conside rations at least: (x) the accom 
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cach make. Tho best plan to ascertain the actual ratio in to 
make a mandril with roocas sunk in it, of 1, 2, or 3 inches 
length for different sized wires; wind this with one layer of 
any wire and count exactly the number of turns contained, 
The diameter of the bare wire measured or calculated, § 474, will 
give the number of turns it would give, and the ratio of these 
numbers of turns will represent the space occupied by the 
covering. 

Silk covering is more regular than any other, and I have ob- 
tained the curve of Fig. 112, from a number of experiments, as 
&n approximation to the ratio of the weight actually contained 


. 112, 


in a coil to that of the solid metal, § 952, which of course is less 
ax the size of wire decreases: the height from the lower line to 
the curve in parts of an inch will give a ratio by which to 
niultiply the solid weight of §952, to ascertain the actual 
weight of metal in the coil. 

954. Having the resistance required to be given, § 951, and 
the weight of metal at disposal, which is the weight of the 
wire giving the desired resistance, a rule-of-three sum ives 
‘weight is to 7coco grains as R is to ohms per pound, and a 
rforence to the Table p. 294 will show the suitable size. Or 
this may be calculated from the constants in § 475. 

25 {square of area in mils 
jof the required wire. 

955- Noad gives the following generalizing formula: 
Let M = the magnotio force of the electro-magnet, 

® = the number of convolutions. 
= diameter of the core, 

© = the current passing. 

¢ =a constant dependent on quality of the iron. 

Thon M = on€ Jd, 
2~ 
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possible. It must not be capable of setting up an induced 
current within itself, therefore its own metal must not form a 
cireuit which would act as does the brass covering tube 
described § 5976. It is composed, therefore, of wires of the best 
quality of No. 18 to 22 gauge, cut in lengths in excess of the 
intended coil, so as to project at both ends, as shown in dotted 
lines at one end ¢: they should bo made up into a traly ronnd 
form, which is beat done in a metal cylinder of proper size, split 


_ from end to end, and bound with wire or cord while the wires 


are packed: it should then be slid off ually while a sti 
Sires wound tightly from end to Lepr band 7 thee 
should then be placed in a charcoal fire, made red hot for some 
time, and allowed to cool as the fire goes oat—not by removal. 
‘The binding wire should be gradually unwound, and replaced 
by tape covered by strips of stout paper pasted on to form a 
¢ylinder, which when dry, should be warmed and souked in 
melted parafiin, 
Another plan is to uso a mandril of hard wood slightly taper- 
ing form the paper cylinder on this, make the coil complete as 
lows, and insert the core afterwards; this latter plan is the 
easiest, but the core is not so perfoct, and space is apt to be lost 
between the core and the primary, which is disadvantageous, 
mulees it is desired to have a removable core for purposes of 
experiment; then it and the primary may be made to slide in 
the tube on which the secondary is wound. 
Fig. 114 representa a cap of metal to be fitted on to each ond 
of tho core or to the mandril, to 
work ina slot in an upright frame We Ie, 
#0 that a handle can be slipped on 
sither end to wind up the coils of 
wire, ‘his could be done in a 
lathe, Int is far better done by 
hand in a frame for the purpose. 
When the coil is completed, the 
caps Moser may be best secured by shellac cement) are re~ 
moved, the end of the core at b is to be cut off and filed to a 
rfectly smooth face: the end ¢ projecting beyond the caleu- 
Tatod length of the core, and tho armature at the other end 
will both add to the induotive actions, as in § 935, by the in- 
created magnetic at 
958. The Primary—Tiis should be silk-covered, because’ the 
ism induced in the core ds upon the current and 
the number of turns of wire, and this number will be greater, 
the less room the insulation takes up; for this reason, and an 
there is little tendency to escapo, the wire should pier es 
~~ 


——_— 
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figures to attain definite results, bocause so much depends on tho 
gare expended in the muking; a4 a rule, 1 Ib. of wire of No, 36 
size should giver inch of spark ; but beyond 18 inches in a 

coils rarely come up to this ratio. The following figures 
may be useful, they are taken from records of coils actually 
made. 





4 
3 
2 
3 
3 
2 
2 
2 
3 


Sueooocoaww 


The two last aro disk coils, and the last is that of Mr. Brown, 
of which fuller particulars will be found, § 975. 

The condensers require about twenty sheets of foil for small 
‘sizes, rising to fifty or sixty, the size being such as will go 
under the baso of the instrament. 

9. Tur Laws or Cois.—Many people think that force is 
generated in induction coils; but like all other apparatus they 
are mere converters of energy, and always return leas than is! 
supplied to them. They also indicate clearly the distinction of 
the two quantities, explained § 572; they appear to actually 
generate “electricity” or current paces this is produced in 
@ conductor insulated from any source; the quantity of this 
electricity, or current, depends wholly upon the dimensions 
and arrangement of the conductor, so proving it to be a mere 
matter of molecular actions. The energy connected to this 
current ix derived directly from the battery in the manner 
explained, §§ 454-6, which is vividly exhibited with a coil of 
which the parts are separable. 

We can trice the process out very clearly if we assume that the 
resistance of battery and wire, when the is screwed down, 
is 1 ohm, and that the battery can send a current of 4 ampiros. 
Now if the break is so arranged that the cironit is closed for 
half the time, the current will be reduced to 2 ampéres, nat 
through any increased rexislance, but simply because it passes 





REVERSING COMMUTATOR. 


these cases each coil should have its own battery, bat 
he breaks should be screwed down, and a separate single 
inserted in a common return wire so as to act on all at. 


h most coils these pillars, or insulated binding-screws, are 
sed on the stand at the end or the side of the coil, but the 
pgement shown is much more convenient for large coils, 
two ends of the primary Fi. 1 
down through the stand Eth! 
ide the end of the reel at 6, 
inner is connected to thi 


or binding-screw. 
owever, botter to 


eek on each side projectin 
ond opposite enda of the dia- 
to afford a fastening for 
metal portion, This consists of two similar pitoos of 
ed, which siey ‘be, built np ot aeracad Pens obemiaae 
as shown, These form the axis on which the ayyaratas 
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with a revolution counter, easily made up from such wheels as 
are used in gas-meter indices. ‘his may be actuated either by 
an attachment direct to the end of the axis of revolution, or by 
an electro-magnoet actuated at each revolution by an ordinary 
circuit-closer. The best plan is to have a worm cut on the 
winding axis, to work in a wheel with roo teeth, then the rest 
of the work can be fitted up with wheels ax uscd in moter 


indices. 

(7) With fine wires a constant test for continuity should be 
maintained. The beginning of the wire of the instrument 
should be connected toa metallic cylinder on the axis, against 
which a eyeing should press, as in (2) above. This spring and 
that of the wire reel are connected to a galvanometer and a 
battory : if a commutator is used, the current need not be con- 
tinuous, but a test current can be sent through at intervals, or 
on completing each layer. This affords also » check upon the 
insulation, as any accidental contact will reduce the resistance, 
which onght to increase continually as the wire is strained by 


eating. 
(8) All joints should be carefully made, atripping the wire, 


ing it, tapering the ends and tinning them; fine wires 
then be carefully twisted together and soldered, which 
is best done by means of a piece of No. 10 copper wire in a 
handle. If this wire crosses a gas flame, the point beyond 
(being well tinned) will act as a convenient soldoring-iron for 
very fine work. The joint should be carefully covered without 
increasing the size of the wiro; this may be effected by rubbing 
the warmed wire with a stick of coment made of guttapercha 
and resin melted together. Only resin should be used ay the 
flux in soldering wires. 
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@, this colour will the alone, aoe 
, this tahas tint screen an as 


inperature rises, tint tint will grow ont like rungs 
& ladder, till the visible spectrum i pleted as the wire 
| : in like manner the ultra-violet 
{ out ax the heat is further raised. 
995. It is easy to comprehend this, when we recognize that 
e transmission of current means molecular motion; that as 
te of current increases, rapidity of motion increases, and that 
motions are propagated as corresponding radiant undula- 
in surrounding space. It follows, also, that every source 
light has its specific quality, depending upon the temperature 
hich the light-giving body is raised, and the specific 
2 of that body as to the proportion in which it can 
erate rays in different parts of the spectrum. 
Deonzes or Temvenatone.—High temperatures are very 
It of measurement, but it is likely that the roscope 
give information op them before long, by enabling us to 
j e the growing heat in particular lines devel from 
dies at these temperatures, on which lines Prof. has 
en working, § 1006. The following table gives the best 
formation at present attainable, from various sources : 


Taste or Txxrenatunes ix Deonees Fann. 


Flames in Hottest Part, 
Stearine candlo 
Purnffin lamp .. 
Gos in argand .. 
ben of wine 

in Bonen . 

Gusmmenne cn 
Eleotrio nr... 


. Proportion of Energy as Light.—Two results follow from. 
conditions of $$ 990-5. Part only of the energy expended 

ing temperature appears as light, and tho ratio of this 
increases as the tomperatore is raised. Tyndall passed 
bt of different intensities throngh a solution of iodine in 
phide of carbon, which, while perfectly i 
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torms of a standard, or unit light, and is based on the law of 
the intensity of the action of any light being inversely as the 
square of its distance. The simplest mode used in testing 

is by the Bunsen photometer, which is a graduated bar, at 
two ends of which are the lights to he compared. A screen of 
white paper, with a poe spot in the middle (or vice eerad), 
is movable on tho bar, until the spot is equally visible or 
undistinguishable on ench side; i.c. till the two lights have 
‘equal power on it, when their be er aro proportionate to 
the square of the distances. Tho bar being graduated in terms 
of the standard, the strength of the light to be measured is read 
off the scale at once. 

roo1. The legal unit of light power, in the case of gas, is a 
Spermaceti candle of 6 to the pound, burning at the rate of 
120 grains per hour. But the candles vary in quality and in 
rate of burning. The French standard is the Carcel oil lamp, 
Which equals 9°5 or 9°6 standard candles. 

1002, Sugg'e Argand gas-burncr is a better standard for large 
lights, as it has the property of giving 16 candles’ ight from 
gas of all qualities, provided the flame is adjusted to oxaoctly 

inches in height ; of 12 candle gas it requires 6-6 fect per 
Bot te produce this flamo, 5 feet of 16 candle, 4 of 20, 372 of 25, 
and 2°7 of 30 candle gas, such as is produced from cannel opal, 

1003. Gas lamps of much greater power are required for 
measuring powerful arc lights, in order to reduce the distance 
at which they would require’ to be placed, and these have 
to be themselves tested. But the measures of these’ powerful 
lights are of a very problematical value both on account of 
the difficulties of the measurement itself, § 1007, and because 
no are light in existence remains of uniform strength from 
moment to moment. 

1004. Electric standards have beon proposed, as a platinum 
wiro of given dimensions, with a fixed current passing: a 
number of these might be oe to give a large light, but 
gach wire would roquire ful adjustment as to current, 
because no two picces of platinum are alike; definite alloys of 
platinom and iridium may it énible the conditions to be 
attained. Carbon lamps could not be trusted, because of their 
ma by lapse of time, and from the action of even an 

wisible film of carbon, § 1041, 

2005; 


. Chemical PI valuable, as many 


hotometry 
Teactions, such as those of angen iy, Will give exact results. 
‘The combination of equal proportions of porfectly pure hydro- 
n anil chlorino has beon utilized in the photomoter of 
# Sunson and Rosoos, but it ally gives indications of the ultra 





|, 1009. Ea rmeeftw Bef pens ee cacti ene 


iting, 
Clear glass absorbs .. .. .. ., 10 per cont, 
White ground .. ew Tee eyed a 
MODAL Fes ek os Wise) ask X00 Say b no» 


Coloured glasses, in addition to the absorption of the glass 


“Titself, take up the rays complementary to the colour trankmitted, 


Bo that if wo pass a light through first a blue glass and then a 
w glass scarcely any light at all will remain. 

ro10. In connection with this subject it should be under- 
stood that no change can be mado in light once produced 
except by ioeae some of the rays away. We may give « tint 
to an arc light by burning a substance in it, thud @ soda salt 
will give yellowness to the light; bat we cannot giee yellow= 
host to an arc light, once produced, by passing it through any- 
thing; wo may take away the excess of violet and make it 
Appear yellow, but in so doing we reduce the light, 

1011. Incandescent electric lights are subject to a special 
absorbing agent. The carbon wire, especially when over- 

gives off, in some cases, a vapour of carbon which forms 
a nearly imperceptible dark film upon the inner fuco of the 
jlass : this thin carbon film has extraordinary absorbent powers ; 
A piece of glass s0 coated, held in front of a lamp in perfect 
action, will mske it appear like a red-hot wire: in fact when a 
lamp appears to be giving only a dull glow, this is the most 
common cause of the failure, 

1012. Disramvrion or Liowr.—Like all radiant actions, the 
intensity of light varies inversely as the square of the distance 
from the source. This is the necessary consequence of the faot 
that the surfaces of spheres vary ae the square of their radii ; each 
point in space is part of the surface of a sphere, formed on a 
radius which is the distance of the light source, und therefore 
48 the light is divided over a total area increased as the square 
of the radius, the quantity available on each unit of area must 
be invorsely as that valuo. 

. ‘This will illustrate the idea expressed § 993. A source 
as an it for converting potential 

into kinetic onerEy which it continually radiates away 
in spherical waves. ‘This energy traverses pure apace with 
little, if any, reduction, though it is absorbed ie matter under 
conditions explained § At each spherical extension the 
wayo is spread over a larger area, therefore its amplitude or 


height is lowered, and the energy in it per unit of area is 











PROPERTIES OF THE ARG, 


This shows such an arc as is obtained with the old 
rotort rather than with the best modern artificial ones : 
the globules are caused by the silica, iron, and #ulphur present 
in graphite, from which the prepared carbon is 

|. The - carbon is usually the uppermost, and 
the more highly heated by the current, burns away the most 
rapidly: particles of it are carried off and transferred, as in 
electrolysis, to the — carbon which forms a pointed cone, while 
the + carbon forms a hollow crater of intense brightness, and 
acts ax a sort of condenser to throw a large proportion of the 
light downwards. 

1023. Te of the arc—Thoe latest researchos give a 
high value this, and Becquerel found it 2100° centigrade ; 
w Rosetti, after numerous experiments, gives 

+ Carbon, Are. —Carbon, 
With 80 Bunsens 2870 3300 2400 Cont, 
Maximum . 3900 4800 3150 


Tt is evident that the temperature of the carbons must be 
varied with their dimensions, and that their rate of combustion 
will also be affected; but it is stated that the temperature of 
the arc is independent of its thickness or of the current passing. 
On the other hand, it is lower as the B M F lowers with reduce: 
number of colls, which would reduce the length of the are, 

The most refractory minerals fuse und volatilize in the arc, 
and evon iridium softens, and if not pure may be melted. And 
as it disociates most substances and reduces them to the 
elementary condition, it is the most powerful instrament of 
analysis we possess, 

1024. The light of the arc ia compound, consisting of the pure 
white light from the incandescent carbons, and the specific 

it rays of the incandescent gases of the arc itself: the first 
of is even whiter than sunlight, because this has lost the 
rays belonging to the dark lines of the solar spectram, and 
much of the violet ond, which is absorbed in passing through 
the atmosphere, thus leaving an excess of yellow oven im 
sunlight, which excess is even greater in gas and oil flames in 
proportion to their lower temperature. But the light of theare 
consists of a et speesrun ane is neanieey 
wolid particles, a: ight rays of specific nitrogen 
carbon, which are principally in tia bite an violats thie 
the steel or aluminium glitter to the aro light, which 16 80 
ghastly in its effects, and unfits this light for internal domestic 
use, The shorter the arc space, the whiter the light becomes, 

1025. Colours by are light—A cea ARN OSES 

° 





1029.) PRODUCTS OF THE ARO. 


Schwendler found that with an are of fixed len: 
resistance varies inversely as the current: this is readily 
prehended when we see that increased current does not 90 m 
affect the existing are as increase its sectional area by intro- 
ducing more conducting material, s0 that tho arc acts as an 
expanding pipe would with water. 

An elaborate set of experiments and calculations by O, 
Frohlich will be found in the Electrician, vol. xi. p. 150, which 
show that in tho same aro tho resistance may vary ea 1 to 
40 ohms according to the current passing. 

1028. Tho EMF in the are varies with its length, and 
according to the latest experiments of Professors A: and 
Porry, a4 & curve corresponding to that of “length of spark” 
in De la Rue’s experiments, . They found that an arc of 
one-tenth of an inch requires 60 volts, increasing quickly up to 
4 quarter inch, and after that at the rate of ot volts per inch. 
The experiments of Frohlich, § 1027, while giving a very 
i 


eset of spots approximating to a slowly rising line, are 
quite consistent with such a curve. 
1029. Products of the arce.—Mr, Wills announced the produc- 


tion of nitrous acid very soon after the introduction of the 
Jablochkoff candle, and Professor Dewar gave the matter a 
close examination. ee ae nitrous sos Miers Mr. Wills 
collected 12 ins per hour from an arc . there are 

duced feet fens: en prussio acid, chiefly a the ++ aon 
Professor Dewar used hollow carbons to draw off the products 
of the aro by suction; it does not follow, therefore, that either 
of these products escapes to any great extent, as they would be 
oxidized towards the outer surface of the arc. But the nitrous 
products resulting from the union of the nitrogen and oxygen 
of the air, and most probably as a secondary result of the 
oxidizing of the prussic acid, must poss into the atmosphere. 
Tn fact, they can always be smelt wherever arc lights arp 
burned in inclosed spaces. This was very strongly noticeable 
at the Crystal Palace Exhibition, in the chamber occupied by 
tho Brash Company: it is probable, that in this case the offect 
was partly due to ozone generated by the sparking of the soveral 
Iarge machines at work. No doubt nee ga le found them- 
solves with sore throats which they attributed to colds, but which 
were really due to these nitrous fames. This subject deserves 
attention, because much injury is attributed to gas because of 
the acids produced from the small quantity of sulphur it 
contains, and it is certain that nitrous acid can be no less 
fnjurions, while most of the carbons contain sulphur, and this 
is also converted into sulphurous acid in the ee 

9 





PosizfoN OF CARBONS TY ARC, 565 


is thrown mostly towards the front; and the 
light is also, owing to the more rogular combustion. 
In Mr. Donglas's experiments at the South Foreland it was 
found that with this arrangement the light given, taking the 
direct vertical arrangement as 100, was — 


Eastorfront . 
Northorside . «0 

South or side ., 

West or back... 

Mean = 139. 

‘When an interior illumination from above is desired, as in 
§ 1030, the + carbon should be below, in order to throw the 
light upwards. 


Fr. 119, Fra. 120, Fio. 121, 


1032, Heat-Rars.—It was shown, in § 98, that the light- 
giving rays could be sifted out from the total radiation; the 
Tomaining heat-rays may then be employed to reverse the 
‘Process of “ fluoresoence,” § 990, as they, being invisible rays 
of long wave-length, may generate rays of quick vibration, 
‘Tyndall did thie by condensing them upon a shect of thin 
Platinum which they heated, | so produced a dixtinot picture 
of the carbons and arc, drawn in degrees of light. ‘The picture 
is shown, Fig. 21. 

Tt will be seen that there is a dark space between the two 
carbon points; this space corresponds to an intensely heated 
Portion of the aro in the intervening space, while the Hebi 
‘Portions represent tho incandescent carbons, in which lower 
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Bh iaye sesulied.in heavy lose. ‘Ihe boas of the erfor 
the comparing together things having no relation: aro 
ps giving 2000 candles light with gas-lights of 10 or 16 


power. 

would be pure waste of time to consider the cost of are 
use it varies with the conditions of each individual 
the only usoful information would be a statement of what 
wen attained under several conditions, and this would 

int of place in this work. 
671. Statements commonly made as to tho tneandescent 
(ts are also misleading when different lamps are com a 
tise while all become more coonomical the higher they are 
ed, each one has its proper limit at which it will do best 
while working uninjured ; a comparigon of mere light per 
#@ power is, therefore, worthless, except at that limit, 








CHAPTER XIV. 
MISCELLANKOUS. 


1077. ‘Tae Execrnic Txvecnara.—This subject it is not neces- 

ry to go into at all, ns it is cursorily sketched in every work 
h electricity, and practical knowledjo oan bo given only by 
technical works. It is essentially an application of 

Rp fully explained throughout this work, and resolves 

if into three distinct systems. 

(1) Tndicatory, such as that of the needle instruments, which 
"are fo all intents simply galvanometers, 

12) Recording or Mechanical—Such are the Morse and tho 
peatiog systems, as well us those alphabetical instruments 
Which do not record, but make a temporary indication, All 
these are actuated by electro-magnets working or releasing 
Wlockwork. Some of these also work by sound, the taps of the 
‘lectro-magnet answering to tho contacts made. 

G) Chemical. eso work by electrolysis, producing coloured 

when current is passed to the electrodes, one of which is 
Vharaags the other a point, a sheet of paper 
ith the electrolyte being interposed and drawn 
between the cylinder and the style. 
telegraph m is, therefore, simply the effecting of 
common electric actions at a distance, and is wholly a matter of 
Tesiatances, and delicacy of instraments fitted to work with small 
currents. 


1078. Duplex Telegraphy —This, the causing two messages to 
‘be anmitted by phate in opposite airectitis at the same 
timo, has only beon practically effected within a recont period, 
though tho principles involved wore known long before. It 
is upon a very careful balancing of resistances : 
/eurrents do not pass ench other at all, but if signals are sent 
{simultaneously the effect is that the receiving instruments aro 
worked by the batteries of their own station, not by that 
‘Of the sending station. 
‘The inatrument is essentially an electro-magnet wound with 
two wires exactly as a difforential galvanometer, and acting 








1085.) ELECTRO BELLS AND ALARMS. 


conducting wires. The battery may be placed anywhere out of 
the way, where not expired to freezing and not Hable to have 
ite i ed speedily dried up; therefore it in beat contained in a 
box of its own: great care should be taken also to 
prevent the cells from getting wet and setting up local 
circuits. ‘Ihe manganese cells are most commonly ie 
atid Bennett's iron cells are suitable: where a heavy call upon 
it is likely, some forms of the bichromate cells are also used, 
Dnt in these there is of course s local action. The number of 
cells in series must bo such as will, alter being short cironited 
for & minuto, still freely work a bell throngh the cirouit, and 
ix wise to uso a coll more than is required, rather than rixk 
failnre. Cells composed of a strip of carbon in a deep porous 
pot filled with granulated carbon, placed in a vousel which 
heed not be so deep as the porous vessel, and charged with sale 
Smmoniao solution, only half filling the porous vessel, will serve 
for circuits on which there is not a heavy call, but as they. 
must be exposed to the air, they will require occasional atten- 
tion by supplying fresh water to compensate for evaporation. 
1084. ‘Ihe conductore may generlly be No. 20 wire, 
Jarger is preferable. It is necessary for one of the wire to bo 
perfectly insulated ; it is better fir them both to be so, in case 
of accident; but if one is perfect in this respect, the other may 
be a naked wire, led anywhere and stapled to the wall. Bat 
where it is intended to use telophones, which will certainly 
come into general use by and by, it is important to haye the 
two wires side by side to avoid induction, and both insulated, 
A convenient wire for these pnrposes is wade with a No. 20 
covered wire; anda No. 18 bare wire placed side by side, and 
covered with cotton as one: this, being passed through melted 
caokerit asphalte, is very fairly protected against damp, and 
may be secured to the plastered walls by staples. A botter 
is to let into the plaster the zine tubes used for bell wires 
and draw the conductors through this, and probably the most 
perfect plan, where cnvenient, is to carry such tubes siraight 
up the walls into the roof, from each set of rooms, so that any 
desired connection can be made, at any time, by tacking wires 
along the rafters from tube to tube. In this way a complete 
system of bell and telephone communication could easily be 
arranged, and if desired, clocks, in the different rooms, conld 
all be worked from one driving clock in the hall or elsewhere, 
1085. Double wire ix not always dosirable for such a circnit, 
intended to include several instruments, as the wire may leave 
one pole of the battery and travel png al through the cirenit, 
roturning to the other pole, In the circuit must be 





1996.] DEVELOPMENT OF TELEPHONY. 591 


_ conductor with a plug at each end can be used; for a moderate 
aumber, the sim ef een ora wigs! 
‘a board, with a sooond set crossing them, but not in contact; 
holes aro bored at euch crossing so that a split plug can be 
passed through and make connection. 

1 Txiernosy.—Until very recent times it was belioved 
that production of articulate speech required a complex 
organism ; yet every echo taught the contrary. However, until 
speech actually issued from the diaphragm of the telephone, 
eae overlooked the certain fact, that every sound whatever, 

crossing space, is reeolved into vibrations of the air, and that 
the production of sound, musical or articulate, only requires an 
initial motion which can set up those vibrations. An echo is 
due to a surface which receives and reflects or reproduces 
‘vibrations in the air. If we hold a sheet of stiff paper in the 
hand we feel it trembling in answer to any sound, and those 
tremblings, if analysed, represent the sound, and if properly 
u fied will reproduce it. 

strained diaphragm such as a tambourine, answers even 
more perfectly than the sheet of paper, and proves that articu- 
late can be produced by a mechanical vibration, It can 
éven trinslate the vibration into a visible record, which was 
done by Young in 1807. 

1095. Scott's Phonautograph ia the best known instrament for 
the purpose; it is a large cone to collect the sound, with » 
diap! across its base ; to the middle of this diaphragm is 
at a point which rests lightly against a cylinder covered 
with a layer of smoke, which being turned, records the sound in 
@ series of undulating marks; each sound having its own 

iific form. 

The string telephone carries the principle one stage farther. 
Though introduced as a common toy since the discovery of the 
électric telephone, it long antedates it in practical use; unknown 
to science, it had been invented ages ago by the Chinese, was 
used by tho natives of Ceylon, and had even been employed 
by English schoolboys for purposes of surreptitious interoom- 
munication. 

Tt consists simply of the tambourine connected by a strained 
string to another tambourine, each fitted with the cone of the 
phonautograph . it is, in fact,a phonantograph which instead of 
toving a point and tracing a line, moves a string, and thro 
it a second reversed phonautograph, which reproduces 
originul sounds, 

1055. Edison's P! aph carrios us another stage; it is the 

phonautograph again, but the smoked cylinder is replaced by a 





BELL'S FELEFUONE, 597 


of tho bar, This idea appears to have occurred to Prof. 
about the same timo ad to Prof. Bell. But as mittor 
of principle the difference is slight; it is merely a matter of 
convenience und expenditure, and the introduction of the micro- 
phone, which requires an external current, has made the use of 
electro or permanent magnets a matter of indifference, except as 
to the relative Sore of cost and the greater power of the 
electro-magnet. The regular current passing plays no part in 
transmission, it del Roan the core; it is the variation 
of the current which does the required work, and the undulatin, 
current derived from the permanent magnet is the equivalent 0! 
that variation. 
#109. Coxsravcriox.—This will be understood by aid of Fig. 
Beat ikisctagmet Mia a rod of oor atool hixchly maagraetdaed) ft may 


Coe Saati long by Jin.diam. It is often terminated by an end 
fo! 


of iron to enter the bobbin, as this has higher capacity for 
Magnetic variations, §.945. It fits in the central tubo of the 
‘wooden casing W, and is provided with a scrow 8 to adjust its 
distance from the diaphragm D. On the end of the bar is 
placed the reel O, which may be 1} inch in diam. with a 4 
of } inch, to contain the wire, the size of which should be 
to the resistance of the cireuit, 35 gauge being the most 
pools useful: the ends of the iron are carried down through 
joles in the wood to the terminal screws + and —. 

1110, Tho dia, or disc is usually made of ferrotype plate 
out to a 2-inch circlo, with t care not to buckle or distort it 
in any way; it should be held by a narrow circle of india-rabber 
or soft paper above and below it, to deaden the natural vibration 
Of the plate as a whole, which would harden the sounds and give 

to any vibration corresponding to itself, § 984. 
iece is a cap with a conical space ending in an 
opening of half an inch, so as to collect the sound waves and 
deliver them direct upon the centre of the diac. 
1111, The spaces the dize and the oppesing surface 

















CROOKR’S RADIONRTEN. 


a number of equidistant holes formed near ite 

of light being condensed upon the point ent by 

en the dise is rotated. Now this is one form of 

“eo ;" for properly fitted, with a stream of air directed on the 
we Seated musical note, varying with rate of rotation, 

like manner, if we make the dinc of iron, and place an electro- 

t with a telephono in its circuit on one sido, and w 

pole on the other, have the magnetophone, which 

nces the same notes. We thus trice the connection from 


et as in $§ 982-6 we trace the analogios 
of wave motion from the surface of a pool to the glories of the 


‘spectrum, 
| 1148. The radiometer, when first invented by Mr. Crookes, 
was supposed to move by the impact of stroama of radiant 
jenergy, as light; but it is now well understood that the motion 
is due toa more material impact, to the succession of blows 
iven by molecules of the residuary air in contact eithar with 
walls of the globe, or condensed upon the moving vanon 
|erd acting by “recoil,” these molecules absorbing the energy of 
the rudiant force. This some action is that w! is operative 
in radiopliony proper. The vanes rotate on their axis because 
|their two sides have different absorptive powers, and therefore 
is always a tendency in the most active side to retroat 
(from tho line of light, just as a horizontal windmill rotates in 
\a@ stream of air because the vanes on one side present a flat war 
| face to the wind, while those on the other side lie edgewiae to it. 
| 1149. One of the most romarkablo experiments of Mr. Crookes 
|da that of « radiomoter with vanes coated on one side with 
Ho found that 
pels the 


bi 





























P ‘olectric curront passes, and in which osmoso ocours; and 

‘an EMF is produced as « result of capillary actions, 

Disiscrnc—Non-conductors in which induction occurs, 
such as air and a ae 

Dyxasomerze,— This moans “ force-measuro,” and is the 

tame for an apparatus which measures mechanical 

eer such as that exerted by a rotating shaft or a belt. Tt 

often, but wrongly, applied to Weber's galvanometer, which 
Gonsisted of coils in place of needles suspended within other 
circular coils, 

Dysx—Tho C.G.8. unit of Force, that which gives a velocity 
of i centimetre per second to 1 gramme weight, after acting for 


5 wecond. 

Banzw.—Namo derived from the old mistaken notion that 
electricity is pumped up from the earth as « great reservoir; 

fo earth and carth connection mean a general return 
direnit, which, for economy, is formed through the earth by 
means of “earth” plates, buried in moist strata at the various 
Heerssary points. But any conductor common to several circuits 
_ is technically called “ earth.” 

) Etxcrnoves—Faraday's term for the poles or plates leadi 
the current into and out of a cell. See Poles, Anode, 
Cathode. 

Exrornotysis.—The act of decomposition by an electric 
current. j A Ee. 
Secondary electrolysis is a decomposition supposed to 
offected bythe chemical action of he anbosesioa really set free 
by S current (seo Nascent). For explanation of this action, 

we 


apart ries Bodies capable of being decom by an 

@lectrio current. They must be composed of (or rather be 

ible of breaking up into) two radicals (see Tons); therefore, 
ttiarnce which contain three or more radicals are not eleatro~ 
Exxctnomeren. — Instrument for measuring cleotrostatic 
charge, or tension. 

Execrnomorive Fonce.—The tendency to develop electric ten~ 
sion ; in ordinary galvanio batteries the electromotive force is 
ket up by the attraction of zinc for an acid radical; ite 
depends ypon the force and number of such chemical 
in the circuit, and inasmuch as there are also opposing affinities 
tending to develop clectromotive forve in the copes direction, 
the actual force deponds upon the excess of the total affinitieg 
in the direction of the current, over those in the opposite — 








ay 
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ta Connext.—Tho aa eae of higher EMF 
appears in a wire, espoc' when wound in 
when the current is broken. 

Farav.—Tho unit of capacity: 1 coulomb under 1 volt. 

Fievp or Foncr.—T! ace between the poles of a magnet, 
‘of two electrically saangor surfaces, and other active forces. 
iy fot ata for near el it” by 

magnetic in d ‘ing & magnetic n 4 are 
bot comparable among themselves unless graduated res the 
cal gg ‘The tangent and sine galvanomoters are tional, 
#o that knowing the value of one deflection, all others may be 
calonlated. 

Hoxst-Powxnr.—33,000 fvot-lbs. per minute. The Fronch 
“ foroe-choval” represents 32,560 foot-lbs. 

Txpueriox.— This is the name given to effects produced 
outside of the body exerting a force, or out of the cirouit to 
which the force is directly applied. Thus a magnet induces 
maguetizm in neighbouring magnetic substances, and then 
attracts thom. __ 

‘A static charged surface is said to induce an opposite electrio 
charge upon surfaces presented to it; as to which seo p. 
Sagar ine wire induces currents in other 

toit. See Secondary, 

Expucronw.—A name ‘fa indvetion Coi 

Tyaer1a—A word embodying the fact that mattor will neither 
mMovo or stop moving, excopt by an external action: the resia- 
tance to change of state of rest or motion, 

—Those on the principles of the Holz, 

‘Tysutators.—Bodies fm ee, high resistance; all, howevor, 

some current to eacape or rather “ ch: ” to be lost as 
current. They are called “electrics,” becanse friction dev: 
electric excitement in them. Bbonite is the highost *non-con- 
Tog 5 oS sulpli piso glass soilire aris full list we 
ven p. 15. Tele, ‘ic ators aro tho cups, 
to which tho Peisaaane ies and which Treven electrie com= 
munication being formed between the wires and the carth 
through the posta, 

Inrensiry.—The old term for the proper ea now devoribed am 
electromotive force and tension. tteries said to bo 
arranged for intensity when the cella were coupled togethor in 
series. The term leada to such confusion that it is best aban- 
doned altogether. 

Intensity of Current.—A torm adopted from the French intensité 
de courant, It means “quantity”; and the best writers now 











DIOTIONARY OF THUMB, 


Posrtve—In the bat , the zing 3 in w decompouit 
cell, the anode. Less crit ee 

Positive Pole; +, the anode, the zincode, by which the 
current enters another cell. 

Poritiee Tons ; hydrogen, metals, and basic racticals. 

PorextiAt.—A mathematical term much misunderstood, 

The Potential of a battery means its electromotive foreo. 

Static potential is the corresponding stress exerted in the 
direction of the opposite electricities aud ia comparable to the 

exerted by head of water, 

Potential is studied as to its capacity to generate crrrent, p. 265, 
‘and as representing stored work, p. 349. 

Potential energy ia stored work, scat of again doing work, an 
Gn a lifted weight, a strained spring, or se decomposition. 

Qvaxtity.—A term based on the idea that cloctricity is an 

ly. existing element, having quantitative ony to 
chemical actions, similar to the atomic weights of the matorial 
eloments. The dofinition applicable to existing ideas of the 
nature of electricity will be found under “Qurrent.” ‘The 
coulomb ix its unit. 

Ranicars.—Either clemontary atoms, or compound bodies 
which act like atoms, retaining their completeness and indi- 
viduality through a of chemical chan; 1t is considored 

ids a med of such radicals whoa attractions 
are satisfied by hydrogen, while salts aro the samo mulicula 
gatisfled by metala or compound basylous radicals, ‘Thess 
radicals are the ions of the theory of electrolysis. 

Reovern Lexcrn.—A term formerly used to exproms a rinia- 
tance in tho terms of its equivalent length of wire or resistance, 
It is now superseded by the definite expression in ohms, 

Re_av.—A small instrament, such as an cloctroanagnet, which 
receives a fechle current from a distance and cloren the cirouit 
‘of a local plies so as to produce an effect of the required 

h. 


5 ed of stren, 
Nous electricity. —Nogative, developed by rubbing ebon« 
ito, ko. 

Reasraxce.—The opposition ted by the cirenit to tho 
Movelopment of the current; itis an inherent property of every 
substance, varying in degree in each substance, from silver, the 
beat conductor, up to guttapercha and the other so-called non- 
conductor, Whatever the special substance, however, its actual 
resistance may be expressed in any common mit; thus we 
describe tho resistance of a Cee rk cell as equal to 60 
many fect of a given wire, ‘The unit of resistance now generally 
em is the ohm. 
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Fr 
Falling bod{os, lawn of, 262. 
Farad, the unit of ca) 


igplacemont, 473. 
+ mechanical imitations of, 102. 


—, definition of, 9, 259. 

— general viows of, 57, 260, 
Fines and rings of (ove Field), 496, 
— static and , 200. 

— units of (see Dyne}, meaning of, 


Foroee, relation to matter, 120, 
Foueanlt currents, 494. 

Friction, how it produces electricity, 27. 
Frictional machines, 36. 


Fuel, onergy of, 519. 
Fuses fn battoties, to avold, 168, 
Fusion and electricity, 221, 
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By JOHN T, SPRAGUE, 
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7 OPINIONS OF THE PRESS, 


“It ia quite refreshing to read a really new book on electricity .. . 
remarkably clear ond explicit . .. givea sound, clear, and very practical 
irections for the manipulation of instramonts. . . . Electric memmurements 
of all kinds complete a decided addition to our elocteic literature.”—Teleyraphve 
Soaral. 


Contains the fullest and most exhaustive doscription of the various forms 
of battory yot published. ‘Tho tables giving the work and constancy of colle, 
and especially the relative working coat of the different batteries, will be 
found of the greatest use to the etudent of electric aclence, The chapter on 
Hlectro-Metallurgy .. . the very clearest and most complete exposition of 
the subject."—English Meckanio. 

“The author bas evidently been at no little pains to collect the numerous 
tables he gives. . ‘here is also a freshness and originality in thy trent= 
anent of the eections on resistance and electromotive force." —Vahere, 

“ There is one g which strikes the reader of this beok at once, and 
more #» still as ho proceeds; it ia the enthusiasm of Mr. Sprague’s teaching. 

. Mr. Sprmgui ipt bis views and explanations thoroughly well up 
wits the time, and the student who has mastered his work will have no diffi- 
alty to follow well the progress Eo br any fature extension 


own cleverness; and the stndant is pepe pres 
sentod diroctly to the eubject, and thereby obtains much information from 
fow words." —tron, 

“The book bears evidence of much thought. . . . It is often eminently 
suggestive."”— Quarterly Journat of Sekence. 

“This author possesses the enviable faculty of making his expositions of 
electrical phenomena and principles closr and intelligible, and he ation 
suggests new and valuable thoughts by his original way of handling bis 
subject,"—Flectrioat World (American). 

“The principles of the science, and the operations of ite laws are given 
with ® perspicuity and fullnoss of exposition rarely to be mot with. It la not 
too much to say that tho laws of the correlation of the forces aro hore worked 
out in = soanner exceptionally improsod with originality, . .. Tho work ix 
pregnant of valuable thought and should be read by all who seek to get « firm 
grasp upon the fundamental principles of the seienoe."—Professor 7. Roberts, 
Uniecersity of South Carctins, 








